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ABSTRACT 


The main purpose of this investigation was to compare perfor- 
mances of grade six students, classified as reflective and impulsive, 
on response uncertainty problem-solving tasks demanding adoption of 
(a) a guided-discovery approach and (b) an open-ended approach for 
completion. 

Kagan's Matching Familiar Figures Test was used to classify 
students participating in the investigation as being reflective or 
impulsive in disposition, or of neither a marked reflective or 
impulsive disposition. 

Guided-discovery tasks required students to select observa- 
tions and hypotheses pertaining to problem situations depicted ona 
film-loop, and to subsequently evaluate the selections made in terms 
of their effect upon the depicted problem situations. Open-ended 
tasks required students to generate multiple observations and 
hypotheses pertaining to the same depicted problem situations, and 
to evaluate the generations made in terms of their effect upon those 
problem situations. 

Reviews of Buros (1965, 1972) indicated that published guided- 
discovery and open-ended tasks appropriate to the veieniv eae of the 
present investigation at the grade six level, did not exist. Accord- 
ingly, all guided-discovery and open-ended tasks were designed by the 
investigator. Efforts were taken to ensure that reliabilities and 
validities of the tasks were brought to as high a level as possible. 

In addition to guided-discovery and open-ended tasks, three 


other measures were employed in this investigation to assess students' 


iv 


Digitized by the Internet Archive 
in 2023 with funding from , . 
University of Alberta Library 


https://archive.org/details/Pearson1976 


abilities in observing and in hypothesizing. Content areas and modes 
of content preséntation incorporated in these three tasks, differed 
from those incorporated in the guided-discovery and open-ended tasks. 
These measures were used to provide information concerning the extent 
to which observation and hypothesizing abilities can be considered 
task-specific. 

Another purpose of the investigation was to compare the types 
of question asked by Reflectives and Impulsives during involvement in 
“those problem episodes used as foci for the guided-discovery and open- 
ended tasks. pee sons asked were subsequently assigned to specific 
category types according to criteria and format prescribed by Suchman 
(1962). 

One hundred and eighty-four students participated in the study. 
Of these, sixty-eight were subsequently classified as being reflective 
in disposition and seventy as being impulsive in disposition. 

Analysis of data resulting from administration of instruments 
employed in this investigation indicated the following: 

1. Reflectives perform about as well as Impulsives on tasks 
measuring abilities in selecting and in generating observations. 

2. Reflectives perform about as well as Impulsives in 
selecting and a generating hypotheses on tasks utilizing the particu- 
lar content area and presentation mode associated with the film-loop. 

3. Reflectives' performance is superior to that of Impulsives 
in eee and in generating hypotheses on tasks utilizing content 
areas and presentation modes different to those associated with the 
film—Ioop. In the case-of ability to generate hypotheses, Reflectives’ 


performance is significantly superior to that of Impulsives. 
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CHAPTER: 2 
THE PROBLEM 
INTRODUCTION TO THE PROBLEM 


Traditionally science in the schoois has been viewed as a 
body of indisputable knowledge or 'rhetoric of conclusicns' (Schwab, 
Bi966, p. 24). The major responsibilities of the er educator 
have been to impart this knowledge and periodically to assess the 
extent to which students were retaining such information. Current 
major elementary science curricula such as Science a Process 
Approach (SAPA), Elementary Science Study (ESS) and Science Curriculum 
Improvement Study (SCIS), contend that teaching science merely through 
impartation of knowledge promotes an oversimplified and static con- 
ception of the nature of science. Accordingly these programs maintain 
that students can best develop awareness of the complex and multi- 
dimensional nature of science not only by learning about the products 
Of the anvestigations of others, but additionally by partzelpating in 
investigations giving rise to these products. These programs 
encourage and provide substantial opportunity for preblem-solving 
activity on the part of students. Through direct participation in 
problem-solving sequences it is commonly held that students are able 
to more closely identify with the modus operandi of the practising 
scientist, and to achieve more mature insight into the complexity of 


science than would otherwise be possible where no such active involve- 


ment was entailed. Primarily for such reasons, problem-solving today 
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occupies a central position within elementary science programs. 

While SAPA, ESS and SCIS programs encourage active problem- 
solving activity, each of these programs adopts a distinctive approach 
towards such activity. This difference in approach is manifested in 
terms of the extent to which opportunities for teacher and student 
decision-making are provided. In general, SAPA advocates a 'guided- 
discovery' approach (Mosston, 1972) towards problem-solving, whereas 
ESS advocates an 'open-ended' approach (Keislar, 1969) towards 
problem-solving. In basic terms, within the guided-discovery approach 
decision-making concerning problem identification and solution evalu- 
ation, become the total responsibility of the teacher/program. The 
student is provided limited opportunity for decision-making only with 
respect to procedures adopted in achieving solution to the problem. 
Contrasting the guided-discovery approach, the open-ended approach 
permits considerably more opportunity for student decision-making. 
Although problems are still predominantly teacher identified, the 
student is provided abundant opportunity for making decisions con- 
cerning which procedures to utilize in solution attainment, and 
additionally provided opportunity to evaluate his own solution out- 
comes. In general terms, other current curricula, such as SCIS, 
adopt approaches to problem-solving which reflect a mix of the 
decision-making characteristics associated with the SAPA and ESS 
approaches. In initial stages of a SCIS problem-solving episode for 
example, students are given problems and provided considerable 
license to make decisions concerning procedures to adopt in solution 


attainment (exploration). After completion of these initial stages, 
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however, few opportunities for further student decision-making exist 
(invention). In the final stages of a SCIS problem-solving episode, 
problem identification, procedures for solution attainment and 
solution evaluation are predominantly under the control of the 


teacher (discovery). 
THE PROBLEM 


With extensive implementation of newer elementary science 
programs currently taking place, an urgent need exists for assessing 
program effectiveness in teaching science to students. The fact that 
several programs have recently become widely and extensively adopted, 
and in many instances have totally replaced traditional modes of 
science teaching, undoubtedly indicates that these programs are 
widely considered to be generally effective in teaching science. 
However it has not been shown that all students were able or willing 
to adapt to the requirements of certain programs. This is hardly sur- 
prising since not only do large differences occur between program 
approaches as already indicated, but marked differences also undoubt- 
edly exist in terms of intellectual and personological characteristics 
of problem-solvers involved (Hunt, 1970). Thus the common practice 
of wholesale implementation of programs of distinctive character for 
use by all students, may be deliterious to some participants. In 
accordance with differential theory, Hunt (1970) maintains that the 
effectiveness of any approach should not be measured in terms of its 
general superiority (or inferiority) over another: 


Rather than ask whether one educational approach is generally 
better than another, one asks, "given this kind of a person 
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which of these approaches is more effective for a given 
objectives “({Hunt; 1970," p. 68) 


Assessment of the effectiveness of elementary science programs should 
therefore entail determination of the outcomes of meshing particular 
problem-solving approaches with specific individual characteristics 
known to influence problem-solving abilities. By so doing, any sub- 
sequent attempt to maximize particular students' science learning 
can be made through careful selection of approaches most appropriate 
to the individuals concerned and/or by the modification not only of 
those approaches, but also of those individual characteristics 
affecting problem-solving behaviour. 

Individual differences in problem-solving have generally been 
attributed to differences in age, intellectual ability, concern for 
performance and to differences in overall knowledge of associated 
content (Kagan, 1965a). Recent research initiated by Jerome Kagan 
and associates indicates that a further attribute, the Reflective/ 
Impulsive Dimension (R/I), has been shown to markedly affect problem- 
solving ability (Kagan and Kogan, 1970). This dimension is specific- 
ally concerned with the extent to which an individual reflects on 
the validity of responses during the solving of problems that entail 
response cer ears (os et al, 1964). In. these situations an 
individual who ee er alte requires lengthy periods of time 
to assess the validity of alternatives provided, is classified as 
'Reflective.' In contrast to the behaviour of the Reflective, an 
'Impulsive' makes selection rapidly (Kagan et al, 1964). Studies 
involving consideration of R/I set and problem-solving performance 


in several non-science subject areas demonstrate that problem-solving 
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of the type noted is indeed markedly affected by R/I set (Kagan, 
1965b, 1966a, 1966b; Kagan and Kogan, 1970). However no study has 
yet been cited investigating the impact of R/I upon problem-solving 
within an elementary science context. The intimate association 
between R/I and problem-solving, according to the Kagan definition 
(Kagan et al, 1964), suggests that investigation of the influence of 
R/I within elementary science problem-solving environments might 
profitably be undertaken. Furthermore, with noted elementary science 
programs adopting different approaches towards problem-solving the 
determination of the influence, if any, of reflective and impulsive 
sets upon each approach would serve to indicate favourable and 
unfavourable approach/set combinations with respect to problem- 


solving performance in an elementary science context. 
THE PURPOSE 


The principal purpose of this study is to investigate perform- 
ance of students classified as reflective and impulsive on certain 
response uncertainty problem-solving tasks demanding adoption of 
(a) a guided-discovery approach and (b) an open-ended approach for 
their completion. Decision to utilize guided-discovery and open-ended 
approaches in this investigation is based on the fact that these 
particular approaches contrast markedly in terms of their teacher/ 
student decision-making character. In addition (as earlier noted, 
pie2) Beth approaches or combinations of these approaches are commonly 


utilized in several of the major elementary science curricula (e.g. 


in SAPA, ESS and SCIS). 
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In keeping with the character of a guided-discovery approach 
towards problem-solving, guided-discovery tasks will require the 
search for solution to those problem-situations that have been 
previously depicted and identified by non-student sources. Only 
limited opportunity will be provided for student Aate a eins 
during task completion. To this end alternative solutions will be 
provided, and the student will be required to make solution selection 
from those aewalaisdhe In keeping with the character of an open-ended 
approach to problem-solving, open-ended tasks will require the search 
for solution to the same problem situations similarly depicted and 
identified by non-student sources. However, in contrast to the 
guided-discovery approach, substantial opportunity for student 
decision-making during task completion will be provided. Students 
will be required to generate multiple responses, rather than to make 
selections, from provided responses. With respect to the nature of 
the problem-solving tasks involved, all tasks accommodating guided- 
discovery and open-ended approaches will be constructed in a fashion 
enabling assessment of ability in utilizing the skills of visual 
observation, hypothesizing and evaluation. Decision to involve 
these particular skills was based upon the following rationale: 

1. These skills predominantly feature within the Matching 
Familiar Figures Test (MFF), a test designed by Kagan (1965a) 
specifically for identifying and classifying reflective and impulsive 
behaviour (for details see p. 29 and p. 70 ). SIERRA CN of 
Reflectives' and Impulsives' abilities to utilize each of these skills 


could provide information concerning the extent to which each 
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influences overall reflective and impulsive behaviour. 

2. Gagné considers problem-solving skills, including observa- 
tion and hypothesizing, to exhibit high inter-task generality (AAAS, 
1965). If this proposition is correct, then the performance outcomes 
of Reflectives and Impulsives in each of these skills within the 
particular science content setting of this study, may serve to pre- 
dict their performance in tasks utilizing similar skills in different 
content settings. Thus results of reflective and impulsive performance 
in observation, hypothesizing a evaluation from this study could 
have important implications for performance of Reflectives and Impul- 
Sives involved in science programs such as SAPA, ESS and SCIS that 
deliberately encourage the use, and even the teaching, of such problem- 
solving skills in a wide variety of content areas. 

In summary, guided-discovery tasks will be used to determine 
ability of reflective and impulsive students to make selection of 
observations and hypotheses pertaining to depicted and identified 
problem situations. Open-ended tasks will be used to assess ability 
of reflective and impulsive students to generate observations and 
hypotheses pertaining to the same problem situations. Students will 
subsequently be required to evaluate all selections and generations 
made. 

Another purpose of this study is to determine the types of 
questions asked by Reflectives and Impulsives during certain problem- 
solving activities. Studies by Ault (1973) and Denney (1973) 
indicate that Reflectives and Impulsives ask different types of 


questions during problem-solving. However, information concerning 
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Reflectives' and Impulsives' question-asking strategies from these 
studies is limited since questions asked were assigned to one of 
merely two defined categories. A more detailed question-type analysis 
would provide more information concerning question-asking strategies 
of reflective and impulsive types. The analysis format prescribed by 
Suchman (1962) appears to offer such a aided. In this model the 
types of questions asked by problem-solvers may be allocated to six 

— Veriiveation’ and to six “implication" categories (identification 

of these categories and associated definitions are given on p. 9). 
Verification questions are those attempting to identify and clarify 
objects, events and general conditions present in a problem sequence. 
Implication questions are those searching for relationships between 
associated variables. According to Suchman (1962), the relative 
frequency of Bi Ot RITES | employed by b Oernees 10ers reveal their 
strategies and goals. Thus Suchman's model will be used to provide 
information that may assist in any subsequent attempt to modify 
ineffective question-asking strategies adopted by reflective and/or 


impulsive students during problem-solving episodes. 
DEFINITION OF TERMS 


For the purposes of this investigation the following defini-~ 
tions of terms will apply. 
Hetlecuive. Characterized by an individual who requires lengthy 
periods of time to assess the validity of responses during the 
solving of problems that entail response uncertainty (Kagan et 
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Impulsive: Characterized by an individual who requires short periods 
of time to assess validity of responses (Kagan et al, 1964). 

Problem-solving: The activities involved in a search for the solution 
or solutions to a depicted and identified problem situation. 

This search can result in the selection of an acceptable response 
from among several alternatives provided (guided-discovery 
approach), or the generation of multiple acceptable responses 
(open-ended approach). 

Observation ability: The ability to collect qualitative information 
concerning the physical attributes of objects and of events using 
the sense of sight. 

Evaluation of observations ability: The ability to determine the 
effect, if any, that selected and generated observations (of 
objects and of events) have upon the depicted problem situation. 

Hypothesis: A tentative explanation of the depicted problem situation. 

Hypothesizing ability: The ability to recognize a possible cause or 
causes of the depicted problem-situation. 

A-type Hypothesis: An hypothesis indicating one of the possible 
causes of the depicted problem. 

B-type Hypothesis: An hypothesis indicating at least two of the 
possible causes of the depicted problem. 


Evaluation of hypotheses ability: The ability to designate selected 


and generated hypotheses to an A-type or B-type category. 


Suchman guestion types: 


a. Categorical verification: nominal question. A question 
Vee elOticau Vere? 6 ee ee 


identifying the class to which the object observed belongs. 
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Categorical verification: normative question. A question 
designating the object observed according to the norm of the 
particular class. 

Analytical verification: condition-descriptive question. A 

question specifying quantitative or qualitative conditions. 

Analytical verification: condition-comparative question. A 
question identifying a relationship between two conditions. 

Analytical verification: structural-component question. A 
question determining relationships between parts of a 
structural whole. 

Analytical verification: properties check question. A question 
ascertaining the physical properties of an object. 

Abstract-conceptual: diffuse question. “A question in’ which 
the nature of the relationship between variables is not 
specified. 

Abstract-conceptual: directed question. A question in which 
the nature of the vetaetenccs pee specified. 

Concrete-inferential: elimination question. A question 


eliminating an object to determine the effect upon the outcome 


of the experiment. 


Concrete-inferential: substitution question. A question 


replacing an object by another in order to determine its 
effect upon the outcome. 
Concrete-inferential: addition question. A question adding 


anew object to determine its effect upon the outcome. 


Concrete-conceptual guestion. A question determining the 
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necessity of an object or condition for occurrence of the 


phenomenon. 


In this investigation the following hypotheses will be tested: 


There is no significant 


and Impulsives' ability in selecting objects observed present in 


HYPOTHESES 


difference existing between Reflectives' 


depicted problem episodes from objects not observed present. 


There is no significant 


and Impulsives' ability 


in depicted problem episodes from events not observed occurring. 


There is no significant 


and Impulsives' ability 


difference existing between Reflectives' 


in selecting events observed occurring 


difference existing between Reflectives' 


in selecting hypotheses that pertain to 


depicted problem episodes from hypotheses that do not pertain. 


There is no significant 
and Impulsives' ability 
There is no significant 
and Impulsives' ability 
There is no significant 
and Impulsives' ability 
selected. 

There is no significant 


and Impulsives' ability 


difference existing between Reflectives' 
in evaluating the objects they selected. 
difference existing between Reflectives' 
in evaluating the events they selected. 
difference existing between Reflectives' 


in evaluating the hypotheses they 


difference existing between Reflectives' 


in generating objects observed present 


in depicted problem episodes. 


There is no significant 


and Impulsives' ability 


difference existing between Reflectives' 


in generating events observed occurring 


in depicted problem episodes. 
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There is no significant 
and Impulsives' ability 
to the depicted problem 
There is no significant 
and Impulsives' ability 
There is no significant 
and Impulsives' ability 
There is no oa 
and Impulsives' ability 
generated. 


There is no significant 


difference existing between Reflectives' 
in generating hypotheses that pertain 
episodes. 

difference existing between Reflectives' 
in evaluating the objects they generated. 
difference existing between Reflectives' 
in evaluating the events they generated. 
difference existing between Reflectives' 


in evaluating the hypotheses they 


difference in the total number of 


Suchman type questions asked between reflective and impulsive 


groups. 


There is no significant 


difference in the distribution of 


questions of specific Suchman types asked between reflective 


and impulsive groups. 


With respect to subjects asking one Suchman type question only, 


there is no significant 


difference in the number of questions 


of Verification and Implication type asked between reflective 


and impulsive groups. 


With respect to subjects asking two Suchman type questions, 


there is no significant 


difference in the number of questions 


of Verification and Implication type pertaining to the first 


and second questions asked, between reflective and impulsive 


groups. 


With respect to subjects asking three Suchman type questions, 
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there is no significant difference in the number of questions of 
Verification and Implication type pertaining to the first, 
second and third questions asked, between reflective and 
impulsive groups. 

Hg! With respect to subjects asking four Suchman type questions, 
there is no significant difference in the number of questions 
of Verification and Implication type pertaining to the first, 


second, third and fourth questions asked, between reflective 


and impulsive groups. 
ASSOCIATED QUESTIONS 


In addition to the research hypotheses stated, the following 

Associated Questions will be examined in this investigation: 

1. Are correlations among all Selection, Generation and Evaluation 
of Selection and Generation Scores, of similar magnitude for 
reflective and impulsive groups? 

2. What common factors exist among the Selection, Generation and 
Evaluation of Selection and Generation variables? 

3. Do significant differences exist between reflective and impulsive 


groups with respect to factor scores derived from common factors? 
DELIMITATIONS OF THE STUDY 


Although every effort will be taken to standardize procedures 
in administration and evaluation of tasks, experimenter bias may be 
present. To minimize bias in task administration the three central 


problems which provide the focal points for all guided-discovery and 
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open-ended tasks will be depicted by means of a film-loop presentation, 
rather than by a demonstration on the part of the investigator. The 
film-loop will present problem situations in identical form and 
fashion to students participating from different classes. In efforts 
to minimize task evaluation bias, guided-discovery and open-ended 
tasks will be evaluated by the investigator, as well as by a trained 
science education doctoral student. Inter-rater reliability will be 
calculated to determine the degree of agreement among scoring proce- 
dures. 

Short-term memory is demanded in any task requiring cognitive 
effort. To minimize influence of memory loss on performance during 
testing, tasks will be administered immediately following film-loop 
viewings. 

All guided-discovery and open-ended tasks used in this study 
are of a paper-and-pencil format appropriate for administration on 
a group basis. To avoid problems of readability, task instructions 
and items will be read aloud by the investigator. 

All open-ended tasks require written responses. It is 
assumed that the substance of these responses accurately reflects 


abilities in the various skills involved. 
LIMITATIONS OF THE STUDY 


Students from eight grade six classes will participate in 
the investigation. The eight classes will be randomly selected from 
schools located within middle-income areas as defined by the City of 


Edmonton Census (1971). Accordingly the generalizability of this 
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study is limited to grade six students within such areas. 

Studies indicate that the performance of Reflectives is 
significantly superior to that of Impulsives with respect to the 
Thurstone Primary Mental Abilities Test (Michenbaum and Goodman, 
1969), reading ability and science achievement tests (Gupta, 1970). 
Accordingly covariate statistical techniques will be employed in the 
study to remove any bias due to I.Q0., reading ability and general 
science prod idee on the performance of participating students. 

Since most instruments employed in this study are investigator- 
designed, the problem of reliability and validity of instrumentation 
is an extremely important one. Several pilot studies will be con- 
ducted to assess the reliability and validity of these instruments, 
and to aid in their subsequent modification and refinement where 
necessary. By these procedures the reliabilities and validities of 
tasks used in the main study will be brought to as high a level as 


possible. 
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CHAPTER II 
THEORETICAL FRAMEWORK AND RELATED LITERATURE 


PROBLEM-SOLVING APPROACHES IN 
ELEMENTARY SCIENCE 

According to Mosston (1972) differences in general teaching 
style may be identified according to the amount of decision-making 
manifested on the part of the teacher and/or student, and according 
to the location of impact of that behaviour. In more specific terms, 
the influence of decision-making may be felt at the following distinct 
places within the teaching process: 

1. At the 'pre-impact' stage entailing content preparation, 

2. At the 'impact' stage wherein content is implemented 
according to pre-impact decisions, and finally 

3. At the 'post-impact' stage involving evaluation of that 
content. 

Consideration of the impact of teacher decisions at each of 
these stages enabled Mosston to identify a spectrum of teaching styles 
ranging from the 'command style' in which teacher decision dominates 
all of the above stages, through approaches involving ever-decreasing 
degrees of teacher decision-making, to finally the ‘individual program- 
students design' approach in which decisions at each stage become the 
total responsibility of the student. Utilization of Mosston's model 
within an elementary science context could effectively serve to 


differentiate between traditional and current programs in terms of 
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the opportunities each program provides for active decision-making on 
the part of the students. More specifically, this model would 
indicate the extent and location of decision-making behaviour during 
problem-solving activities. In the ensuing discussion, comments 
concerning provision of opportunities for decision-making by different 
elementary science programs are based upon analyses of claims made by 
respective program designers and not upon classroom observations of 
Opportunities provided. It is possible that provisions made at the 
classroom level for decision-making differ from those intended. 
Accordingly the following statements must be interpreted with this 
possible limitation in mind. 

Traditionally science in the schools has been taught by heavy 
adoption of the command style, the teacher having had total authority 
over Saueeee the implementation of content, and the subsequent 
~ evaluation of content and implementation. With decision-making in 
almost every instance under the control of the science teacher, it is 
not surprising that science in the schools has traditionally been 
viewed as merely a body of indisputable knowledge or scientific fact. 
Current elementary science programs provide considerable opportunity 
for-active investigation: on the part of students. Nevertheless 
opportunities providing for student decision-making vary from program 
to program. Thus in Mosston's terms, each program may be said to 
adopt a characteristic style or approach towards problem-solving. In 
contrast to the command-style traditionally adopted in elementary 
science, the SAPA program adopts a 'guided-discovery' approach 


(Mosston, 1972) towards problem-solving activity. In this program, 


oe es ee seas, ait We 
pind cer ere wim oral bine re 


re winks AU: we ert cel bother. otoe * agldeap —: se, wld 


F ioe 3 hee 
-, CS GEURS ei ie SOOM Ge 


Bide, at ‘ rina ate. Oi deen See — twee oe, ee ae -_ 
ASI: ~¢ Bio re s igs TLR Va. WSN ; — 


; ican ats cea peek =o tosh y rte ins.” 2 ne bien 
i + a ey * 1 otis } : ve ie = a - or 7 


a ry] { 7 t Li 4% ¥ aby 1 Se REE 7 pial 
’ ee - ; 
, rest ighace.. EG RE 
A MO Shere ny i ae: i 
ta i 
ve fs Hee) wert 
j A t - f ayn 
~ bs t 
=. eo 
eo mt i j at cant act 4 Died go TOs 
a 7 
j Nol he oD eA eee 
re e a 
ul ; y 
a hn, care 
- ~ uh EP 
¥ 7 iy T20h/4 
pil ; a i LAI i it =) ica = te oP @) 
oa 
‘ j 4 
a ve | ri ie baa | a 4 I h a an be cs , 
~ 1 


Diwvpeatiic, MS Fe heme’ 215 ye os es a bia iit isi 
yi ' Pie PBs { eee : : ~ i 
ie. Dre tego, £25 osha sae sb ai | buboalt Se pele siding . at 

ba DD, teuledgos Soph Bieler fs Mots aS pa ting onset 


+ 
aod yl TieSL) Sere ey ae ) Ares itt notte ib 


Ao) Ss ed om spe) IO eh sa pat ant 2 ylbcpnpdiong ita siboat »: oes ‘yi és 
co iG 
Vii aS iG Si eae: bio, ede ke piece Vit connec $ 


: ay 


z Sather Te zhi, | cao Sraby + ae lf en a 9 a bia samaatmsis et A ia 
1, 


4 


: ; 
MARE Wort Ae. b Sf Poet a Baty foes 


1 


«Sera SS 


» | AiO REESE, lj), cam tt Pong, han 


- eT a PORT Sa masts nie we Fr ined slides a= Ges ae ite, aa 


- ) Mousses ery ; 
7 bouimiee yeas spblaet 


18 


decision-making on the part of the teacher/program is total at the 
pre- and post-impact stages, in the sense that objectives are 
succinctly specified and instruments are employed to assess the 

degree to which these specified behaviours are mastered. Student 
competence is thus measured entirely in terms of ability to meet 

these rigid requirements. At the impact stage, scientific knowledge 
is not imparted directly from teacher to student. Instead, students 
are expected to discover facts through active participation in series 
of sequentially organized activities. Each activity is deliberately 
contrived to elicit one 'correct' discovery response following each 
of the many activities. Exhibition of a response, whether correct 

or not, reflects the making of a decision on the part of the student 
with respect to the stimuli provided. Post-impact teacher evaluation 
of any response indicates whether or not participation in further 
activities, providing for further discovery-making, can be entertained. 
In contrast to the SAPA approach, the ESS program acavoca{c= a 'problem- 
solving’ ‘approach “(Mosston, 1972), or as Keislar (1969) prefers”an 
‘open-ended' approach towards scientific investigation. In this 
program, pre-impact subject matter decisions (including identification 
of problem-situations) remain the responsibility of the teacher. At 
the impact stage however, liberal opportunity now exists for student 
decision-making. The student is given license to make decisions con- 
cerning subject matter. In addition he is encouraged to produce 
multiple solutions. Decisions concerning these generations are 
predominantly his responsibility. In the post-impact stage, both 


teacher and student are involved in decision-making. As noted earlier 
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(see p. 2) other major science programs (e.g. SCIS) adopt decision- 
making approaches that reflect various combinations of characteristics 


Similar to the SAPA and ESS approaches. 
PROBLEM-SOLVING SKILLS IN ELEMENTARY SCIENCE 


In traditional science programs emphasis was commonly placed 
upon the acquisition of the content or products of science to such a 
degree that Bee ee on lene otuaiie was afforded at best scant atten- 
tion. A call by the National Society for the Study of Education in 
1947 for more consideration to be given in science education to 
problem-solving had little, if any, impact at the classroom level. 
School science continued to be taught largely as a body of indis- 
putable and stable fact (Schwab, 1966). In instances where some 
effort was made to involve students in problem-solving activity, the 
Deweyian concept of the Scientific Method was commonly adopted as 
guide providing general direction in conducting such activity. This 
guide contained the following sequentially order stages or skills 
considered to be those which a problem-solver must utilize in order 
to attain solution to the problem at hand: 

1. Definition of the problem, 

2. Location and evaluation of associated data, 

3. The formulation of an hypothesis, 

4. The evaluation of the hypothesis, and 

5. The conclusion. (Dewey, 1953) 

In this sequencing of skills it is evident that a highly 


logical nature of science and sciencing was implied. The limited and 
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generally ineffective usage made of this model was due largely to the 
demonstrated lack of existing guidelines that offered ways and means 
by which each of the noted skills might be identified, and their 
acquisition and application guaranteed some measure of success. 
Kneller (1966) maintains that the model was of limited benefit to 
students of elementary grades on account of its highly abstract 
nature, and even for older students it was limited in scope since these 
children would likely have advanced to a stage where more specific 
skills were needed. Thus the absence of clearly defined guidelines 
breaking down the skills into more specific ones capable of manipula- 
tion by students, ensured at best ineffective and infrequent applica- 
tion of the method. 

With the launching of Sputnik in 1957, a large scale attempt 
was made to upgrade as quickly as possible the general quality of 
science education. In response to this demand several elementary 
science programs were designed and implemented, which, in contrast 
to traditional programs, provided substantial opportunity for active 
problem-solving participation by students. Furthermore these programs 
generally provided specific guidelines by which problem-solving 
sequences could ensue. Foremost among programs in this regard was 
the SAPA program. This program maintains that guided sequences 
incorporated within its framework provide involvement in activities 
approximating those of the practising scientist. SAPA regards the 
scientist's behaviours as complex sets of intellectual skills capable 
of analysis into simpler components. Advocates consider that these 


skills can in fact be learned, and that a sequence of instruction 
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may be devised to facilitate their acquisition. Acquisition of these 
skills is based upon initial familiarity with each of the following 
basic skills or processes: observing, communicating, predicting, 
classifying, inferring, using numbers, measuring and using space/time 
relationships. Students are subsequently introduced to the following 
more complex 'integrated' skills: formulating hypotheses, controlling 
variables, interpreting data, defining operationally and experimenting. 
This subsequent eerie ons of the complex processes purportedly 
takes place.in accretionary form... By following this program:it is 
maintained that participants become increasingly adept in making 
decisions and in problem-solving in general (AAAS, 1965). It can be 
seen that SAPA adopts a similar stand to that of the Deweyian approach 
in terms of the noted preference for the logical and sequential 
acquisition and employment of problem-solving skills. However, unlike 
the Deweyian approach, which fails to provide precise guidelines by 
which specific skills can be identified, used and evaluated, SAPA 
adopts a heavy behavioristic position. In this regard SAPA defines 
each skill in operational terms, and devises exercises to develop 
abilities in the particular skill involved. Objectives of these 
exercises are written in terms of observable and hence measurable 
aspects of student behaviour. Following completion of these exercises 
emphasis is placed upon the objective evaluation of performance in the 
particular skill highlighted. 

Iltuis interesting to note that designers of SAPA have recently 
started to modify their original program. In the new SAPA II curricu- 


lum, an increased emphasis given to the acquisition of scientific 
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content has meant that the process skills do not completely dominate 
the program, as had previously been the case in the original SAPA 
program. While the sequentially oriented process hierarchy is still 
evident, it appears to be less rigidly defined and more flexible in 
operation. Complex integrated skills, for example, are given increased 
attention at earlier stages in the program. The acquisition and 
employment of these skills is apparently considered less dependent 
upon mastery of Benes less complex skills. 

A departure from the basic SAPA rationale is manifested in 
the elementary science approach proposed by the Department of Education, 
Alberta (1969). While adopting a behavioristic stand, the Alberta 
Elementary Science Curriculum Guide (ESCG) contrastingly features each 
of the SAPA skills, both basic and integrated, at every elementary 
grade level. Thus while adopting SAPA processes wholesale, the ESCG 
appears to dispute the fundamental SAPA proposition that the acquisi- 
tion of any problem-solving skill is dependent upon initial familiarity 
with the less complex skills. Nay (1971) provides further support for 
this proposition that problem-solving skills need not always follow 
one another in prescribed and logical sequence. Indeed Nay claims 
that certain skills fundamental to scientific investigation may be of 
a non-logical nature. Viewing each scientific investigation as a 
unique undertaking dependent for completion upon unique combinations 
of logical and non-logical processes, the author maintains that each 


skill is used only: 


when required and in a manner dictated by the problem being 
researched in the discipline. (Nay, 1971, p. 200) 


Thus some processes may fail to function during a particular 
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investigation, being effectively bypassed by others. In summary, 
teaching for the acquisition of problem-solving skills today enjoys 
widespread support, the behavioristic position generally finding 
favour. By emphasizing the acquisition and application of these 
skills it is believed that the general ability to solve problems will 
increase. Furthermore these problem-solving skills are believed to 
have high transfer potential, and claims have been made for their 


effective transfer to non-science areas (AAAS, 1965). 


Visual Observation 

Science curricula that deliberately accommodate and teach for 
the acquisition of problem-solving skills place heavy emphasis upon 
the development of visual observation skills. Two major curricula 
in this regard, SAPA and SCIS consider observation to be the most 
fundamental of skills within the scientific endeavour. SAPA further- 
more claims that facility in observation skills is a fundamental 
prerequisite for the acquisition and demonstration of abilities in 
all other problem-solving skills. In accordance with this viewpoint, 
SAPA stresses development of observation skills in the first year of 
the program. Contrasting this policy, the ESCG, while recognizing 
the essential place occupied by observation in any problem-solving 
oriented program, places no emphasis upon the early acquisition of 
the skill. Instead exercises featuring observation skills are enter- 


tained at each of the six grade levels involved. 


Definition of the term observation (visual). An analysis 
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of SAPA, SCIS and ESCG programs indicates common acceptance of the 
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following definition appropriate for use at the elementary school 
level. Observation (visual) entails the collection of qualitative 
data using the sense of sight. In more specific terms, this skill 
involves the identification of objects and object properties and the 


identification of changes in physical systems. 


Hypothesis Formulation 

According to the Deweyian model (Dewey, 1953) and to many 
other similar problem-solving skill compilations (reported in Williams, 
1960) the formulation of hypotheses represents one of the most major 
skills basic to successful problem-solving. Several major science 
curricula, including SAPA, SCIS, ESS and the ESCG, and researchers 
such as Nay (1971), Quinn (1971), and Quinn and George (1975) consider 
teaching for the acquisition of ability in formulating hypotheses an 


essential part of the science program. 


Definition of the term hypothesis. Although differences 
abound in definition of the term, most philosophers and science educa- 
tors including Atkin (1956), Moore (1967), Quinn (1971), and Quinn 
and George (1975) consider the element apne ban to be a crucial 
constituent of an hypothesis. For the purposes of this study an 


hypothesis will be defined as a tentative explanation of a depicted 


problem. 


Quality and Quantity OL Hypothesis Production 


The writings of Moore (1967), Quinn (1971) and Woodburn and 
Obourn (1965) indicate that the quality of an hypothesis depends 


upon the following factors: 
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1. The extent to which the presently known facts are 
accounted for, 

2. The extent to which the hypothesis is capable of directing 
further action, 

3. The extent to which the hypothesis lends itself to testing, 
and 

4. The precision with which the hypothesis is stated. 

The need for formulating hypotheses in copious supply has 
been emphasized by several researchers, including Chamberlain (1890), 
Moore (1967) and Osborn (1963). According to Chamberlain (1890), 
such measures reduce the likelihood of an hypothesizer developing a 
"fondness' for one hypothesis, with the result that only supportive 
evidence for that one hypothesis tends to be sought. Osborn (1963) 
maintains that the greater the quantity of hypotheses formulated, the 


greater is the likelihood of good quality hypothesis formulation. 


Mechanisms involved in hypothesis formulation. Opinions 
concerning the nature of hypothesis formulation differ widely. The 
following two opposing viewpoints are commonly held: 

1. The claim that formulating hypotheses is a purely logical 
act, and 

2. The claim that formulating hypotheses is dependent upon 
both logical and non-logical mechanisms. 

Advocates of the SAPA strongly uphold the first position 
claiming that ability in formulating hypotheses is solely dependent 
upon demonstration of mastery of all specified prerequisite skills. 


Thus students are rarely exposed to hypothesis formulation before 
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the third or fourth year of program implementation. In contrast, 
advocates of the second position (e.g. Martin, 1972; Osborn, 1963; 
Gordon, 1960) claim that non-logical as well as logical procedures 

are involved in hypothesis formulation, and accordingly must be allowed 
some sway. Thus logical procedures are often carefully devised to 
stimulate the assumed .non-logical production of ideas. Common among 
advocates of these procedures is belief in the efficacy of incubation 
moe. Lods——penreds aces according to Freudian theory precipitate in 

some unknown and non-logical way the production of hypotheses. ‘The 
deliberate setting up of such periods is encouraged in several creative 
techniques that include Brainstorming (Osborn, 1963) and Synetics 
(Gordon, 1960). It is interesting to note that the ESS program con-~ 
Siders the formulation of hypotheses to be a highly creative act, 

and accordingly devises classroom environments considered to stimulate 


and encourage such productions. 
THE REFLECTIVE/IMPULSIVE DIMENSION 


In recent years psychologists have identified several cogni-— 
tive processes or ‘cognitive styles' that have been shown to influence 
the form and quality of general cognitive performance. These cogni- 
tive styles are considered as information processing habits capable 
of modifying learning. To Messick (1970) they: 


represent a person's typical mode of percel 
. . ; . oO 
thinking and problem-solving ... (p. 188) 


and: 


are usually conceived as spontaneously applied, without conscious 
choice in a variety of situations. (p. 198) 
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Among other investigators, Kogan (1971), Messick (1970) and 
Witkin (1969) consider the influence of cognitive styles upon learning 
in general, sufficiently marked to warrant their attention in educa- 
tional context. According to Messick (1970): 

- + »- cognitive styles by embracing both perceptual and 
intellectual domains and by their frequent implication in 
personality and social functioning, promise to provide a more 
complete and effective characterization of the student than 
could be determined from intellectual tests alone. .. . these 
stylistic characteristics should have relevance, although 
direct research is admittedly scanty, not only for the course 
of individual learning in various subject areas, but also for 
the nature of teacher/pupil interaction and of social behaviour 
in the classroom, the family and the peer group. ... 
cognitive styles, by virtue of their widespread operation, 
appear to be particularly important dimensions to assess in 
the evaluation of instruction. (pp. 195-196) 

Of the several cognitive styles currently objects of theoreti- 
cal and empirical examination, Kogan (1971) considers the Reflective/ 
Impulsive dimension (R/I) to have the most direct implications for 
education since this particular dimension is intimately involved with 


a person's evaluation of his own cognitive products during problem- 


solving. 


Definitions of Reflective/Impulsive 

1. Kagan's definition: The Reflective/Impulsive dimension 
to Kagan et al Mens is concerned with the extent to which an 
individual reflects on the validity of responses during the solving 
of problems that entail response uncertainty. In these situations, 
an individual who characteristically requires lengthy periods of 
time to assess the validity of alternatives provided, is classified 
as a 'Reflective' (Kagan et al, 1964). In contrast to the behaviour 


of the Reflective, an 'Impulsive' makes selection rapidly (Kagan et 
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al, 1964). In more specific terms, the R/I dimension exerts an 
influence at stages (b) and (d) of the following generalized problem- 
solving sequence (Kagan, 1966b): 

(a) Decoding or comprehension of the problem 

(b) Selection of a likely hypothesis on which to act in 
order to arrive at solution 

(c) Implementation of this hypothesis 

(d) Evaluation of the validity of the solution arrived at 
in stage (c), and 

(e) Reporting of solution to others. 

Kagan et al (1964) warn against glib assignment of positive 
and negative values to reflective and impulsive behaviours (as defined 
by these authors) suggesting that each behaviour in turn may be 
desirable in certain instances: 

It seems reasonable to assume that effective learning and 
performance on varied intellectual tasks will sometimes be 
facilitated by a reflective or analytic approach, and some- 
times by a more impulsive or less analytic orientation. (p. 35) 

2. Freudian or Neo-Freudian definitions: In contrast to 
Kagan's conception of R/I which by definition is limited to the domain 
of problem-solving, Freudian and Neo-Freudian theory considers R/I 
as an nifiesepbacive characteristic affecting the total functioning 
of the individual. In common with such theory, impulsive behaviour 
has been associated with both psychopathic and anti-social activity, 
and has generally been assigned negative value by such theory. In 
the present investigation, Kagan's definition of R/I rather than 
that of Freudian-Neo-Freudian Theory will be adopted. Since as 


earlier noted, attention will focus upon reflective and impulsive 
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performance in problem-solving situations involving response uncer- 
tainty, Kagan's definition, though restricted, is particularly 


appropriate for this purpose. 


Measures of Reflective and Impulsive Behaviour 

Kagan's Matching Familiar Figures Test: This test is used 
to classify individuals as reflective or impulsive in disposition, 
as well as classifying those of neither marked disposition. The 
student is shown a picture (the standard) and six similar stimuli, 
one of which is identical to the standard. The subject is required 
to select the stimulus identical to the standard. This procedure is 
repeated using different groups of pictures. Two scores derived from 
the test provide standard measures of Reflective/Impulsive behaviour. 
A score of 'response latency' indicates the time elapsed before any 
response is made. The other score indicates the number of incorrect 
responses made prior to correct response. The inclusion of this 
latter score was recommended by Kagan (1965c) as a result of sub- 
stantial evidence (see Kagan, 1965a, 1965b, 1965c) indicating negative 
correlations ranging from -.40 to -.65 between response latency and 
number of errors. These studies indicate that the Impulsive, though 
faster than the Reflective in responding, is typically less accurate 
in selection than the Reflective. Procedures adopted in classifying 
Reflectives and Impulsives on the basis of the two scores obtained 
are described in Chapter III (see p. 70). 

Several other instruments exist capable of assessing 
reflective/impulsive behaviour. These include the Barrett Impulsive- 


ness Scale (Barrett, 1965), the Guilford-Zimmerman Temperament 
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Survey 16 PF Scale (Cattell and Sheier, 1963) and the Thurstone 
Temperament Schedule (Thurstone, 1953). A decision to assess 
reflective/impulsive behaviour according to the referents of Kagan's 
instrument was based upon the following considerations. 

pe ecorrelations (in ‘the order oft <56 to: .66 bean pce thin 3 
the Barrett, Guilford-Zimmerman and Thurstone measures (Gupta, 1970). 
A significant relationship however, has been found lacking between 
the Barrett and Kagan tests, Kagan's instrument apparently identifying 
behaviours essentially dissimilar to those identified by the other 
measures (Gupta, 1970). If Gupta (1970) is correct in maintaining 
that impulsivity, as measured by the Barrett Scale, is more related 
to motor latency than to cognitive latency, then the employment of 
this Scale (and possibly those of Guilford-Zimmerman and Thurstone) 
in assessing performance in perceptual/cognitive domains involved in 
this study would appear to be inappropriate. 

2. The adoption of an instrument measuring R/I specifically 
in terms of the definition of R/I accepted in this study, would 
appear consistent and justified. 

3. The MFF test has been widely used in studies involving 
R/I measurement. The test is suitable for use at the elementary 


school level, and its administration is economic in terms of effort 


expended and time involved. 


Determinants of Reflective/Impulsive Behaviour 


Kagan (1965a, 1966a) postulates that both constitutional and 
psychological factors are responsible for differences in reflective/ 


impulsive behaviour. The extent to which these factors operate singly 
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or in combination to influence behaviour is thought to vary from 


individual to individual. 


Constitutional factors. Kagan (1966a) maintains that con- 
stitutional factors are more powerful determinants of extreme impulsive - 
behaviour than are psychological factors. Defects in the central 
nervous system (CNS) may be responsible, at least in part, for this 
form of behaviour. Kagan (1966a) believes that excessive motor 
activity in young children may be traced to deficits arising from 
brain damage effected during pre- and post-natal periods. It is 
possible that biological factors unrelated to CNS deficits predispose 
some to impulsivity. Schaefer and Bayley (1963) found that extremely 
active one year olds were minimally attentive to intellectual pursuits. 
Kagan and Moss (1962) found that hyperkinesis among three year olds 
correlated negatively with intellectual performance of these children 


at adolescence. 


Psychological factors. Except in the case of extreme impul- 

sivity mentioned, Kagan and Kogan (1971) maintain that standing on 

the R/I continuum is due more to psychological than to constitutional 
factors. According to Kagan (1966a) competence criteria may determine 
in part the extent of reflective and impulsive behaviour. On the one 
hand the Impulsive equates speed of response with competency and 
accordingly tends to respond quickly, performance accuracy being 
seemingly of lesser importance. The Reflective on the other hand, 
equates performance accuracy with competence and so takes time to 


respond in order to maximize performance accuracy. Developing these 
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ideas further, Kagan and Kogan (1971) suggest that reflective/impulsive 
behaviour may be substantially determined by anxiety over performance 
outcome. Anxious to avoid errors, the Reflective requires time to 
respond accurately. Minimal anxiety in making errors on the other 
hand, propels the Impulsive to respond quickly. A study by Ward 
(1969) involving kindergarten children supports this notion. Whenever 
errors were made by students engaged in an MFF test, they were 
informed, and a call for performance improvement made. Significant 
increases (p<.0001) in response latency were manifested by the 
Impulsives following the call. Furthermore Impulsives showed a sig- 
nificant tendency (p<.0001) to make fewer errors subsequent to notifi- 
cation of errors. Essentially similar results were obtained ina 


study by Messer (1970) involving grade three children. 


Reliability of R/1I 


Temporal stability. A tendency exists for both Impulsives and 
Reflectives to become increasingly reflective with increase in age 
(Kagan, 1965a). Nevertheless each disposition is well established at 
an early age, and manifests both short- and long-term stability. A 
study by Yando and Kagan (1968) involving second grade children, 
yielded pe tie guy of .70 between response latencies on MFF tests 
administered prior to, and following, a period of ten weeks. A study 
by Kagan (1965a) involving grade three and four children yielded 
correlations of .62 between response latencies of MFF tests given 
before, and after, a one year period. Finally a study by Messer 


(1970) indicated no significant change in response latency over a two 


and a half year span. 
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Cross-task generality. A tendency to be reflective or impul- 
Sive appears to exist across diverse tasks. Correlations between 
response latency on the MFF task and a haptic/visual task for groups 
of grade one, two, and three children, were within the .61-.87 range 
(Kagan et al, 1964). Further evidence for the generality of response 
latency comes from a study by Kagan (1965a) in which grade four and 
five boys and girls answered questions entailing some degree of 
response Mic setetintsy : Correlations obtained between average temporal 
delay between termination of question and start of student's reply, 
and MFF response latency, were of the order of .30 (p<.05) for boys, 


mdr oo-.(p<.05) for girls: 


Correlates of R/I 

R/I and intelligence score. A study by Michenbaum and Goodman 
(1969) indicated that reflective kindergarten students scored signifi- 
cantly higher than did impulsive peers on all subtests of the K-1l 
Thurstone Primary Mental Abilities Test. Contrasting these findings, 
a study by West (1973) revealed that no significant differences were 
found in scores obtained on the Wechsler Intelligence Scale for 
Children (WISC) between fourth grade reflective and impulsive groups. 
Furthermore the study indicated that moderate latency, rather than 
extreme fast or slow latency, is optimal to performance on the WISC. 
Children classified as moderately reflective achieved superior scores 
to those classified as highly impulsive. In addition, moderately 


reflective girls achieved scores superior to those of highly reflective 
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R/I_and_ school achievement. A study by Gupta (1970) indicated 
that scores of grade nine Reflectives on achievement tests in verbal 
ability, language, reading, mathematics and science were Significantly 
Superior to those of Impulsives. The superior performance of Reflec- 
tives on the verbal ability test calls into question Kagan's proposi- 
tion (1965a, 1966a) that R/I is relatively independent of verbal 
ability. Superior, though not significant, performance of Reflectives 
on a social E iies achievement test noted in Gupta's (1970) study, 
also questions Kagan's proposition (1966a) that performance in social 
studies may be hampered by a reflective set. Gupta's finding that 
Reflectives perform significantly better than Impulsives on mathematics 


tests is further supported in a study by Cathcart and Liedtke (1969). 


R/I and memory for words. In a study by Kagan (1966b) grade 
three children participated in a serial-learning task requiring 
recall of familiar words read to them. While Reflectives made fewer 
errors than did Impulsives, the differences in performances were not 


significant. 


R/I and reading prose. Grade one students (Kagan, 1965a) were 
required to identify the one word among five others that matched a 
word previously spoken aloud by the investigator. The task was 
repeated using different words. After partialling out verbal AD icy, 


Reflectives made significantly fewer reading errors than did Impul- 


Sives (p<.05). 


R/I and reasoning. In a study by Kagan et al (1966) grade 


one students were given tasks involving inductive reasoning. In most 
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task Impulsives exhibited significantly more errors than did Reflec- 


tives, even when verbal ability was controlled. 


R/I_ and sex difference. Where studies have identified sex 
differences, these differences have generally been of low order and 
non-significant. Studies by Kagan (1966a) indicate that the relation- 
ship between number of errors and verbal ability is less pronounced 
for boys than for girls. In terms of response latency, girls manifest 
more stability than do boys (Kagan, 1966a). Meichenbaum and Goodman 
(1969) found that kindergarten girls are more impulsive than boys on 
response latency scores. Ward (1969) however, found no sex difference 
with respect to response latency scores manifested by kindergarten 


children. 


R/I and economic status. A study by Hess and Shipman (1965) 
showed that mothers of low economic status and their children are more 
impulsive than their middle income counterparts. Information con- 
cerning the significance of these findings was unavailable. A study 
by Souch (1970) indicated that children of low income groups tend to 
exhibit shorter response latencies than do middle income peers. In 


contrast, a study by Yando and Kagan (1968) found that economic status 


bore no relationship to response latency. 


R/I and eye-tracking patterns. Studies ascertaining behavioral 


operations have been conducted in efforts to comprehend the bases for 
the typically rapid and frequently incorrect responses of the Impul- 
sive, and the slow, often correct responses of the Reflective. 


Siegelman (1969) used a scanning device to record visual fixations of 
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fourth graders performing on an MFF task. Behaviours in terms of 
frequency and duration of looks focused on the standard, and on each 
of the alternatives were recorded. Significantly higher scores 
(p<.001) on measures of frequency and duration of looking behaviour 
were obtained by Reflectives over Impulsives. In terms of relative 
deployment of attention, Reflectives spent less time looking at the 
standard, looking at the most observed alternative stimulus, and 
looking at the alternative subsequently chosen, than did Impulsives. 
In addition, Reflectives made fewer numbers of looks at these particu- 
lar stimuli than did the Impulsives. Impulsives ignored two and a 
half times as many alternatives as did Reflectives, suggesting both 

a biased and more peaked distribution of attention. Reflectives 
appear to first compare alternatives for differences, consulting the 
standard for confirmation or rejection. ImpulsSives on the other hand 
seem to compare the standard globally with one alternative at a time. 
Failing to perceive any difference between an alternative and the 
standard, the Impulsive tends to choose that alternative, paying 


little attention to the others. 


R/I and cognitive maturity. Ina study by Mosher and Hornsby 


(1966) marked differences in the question-asking strategies employed 
during problem-solving episodes were noted between groups of six 
year old and ten year old children. To Mosher and Hornsby (1966) 
these results are indicative of differences in level of cognitive 
maturity existing between the age groups. Shown different pictures, 
these groups of children were required to ask questions ascertaining 


the one picture that the investigator had in mind. Question types 
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were assigned to one of two categories. "Constraint-seeking' ques- 
tions were those that indicated evidence of attempts to interrelate 
properties of different pictures during solution of the problem. 
'Hypothesis-seeking' questions were those indicating consideration of 
pictures as wholes, rather than as combinations of parts. Questions 
of this type showed no evidence of attempts to interrelate properties 
of different pictures. Six year olds asked primarily hypothesis- 

Ee ekrig questions and rarely asked constraint-seeking ones. Ten year 
olds in contrast, primarily asked constraint-seeking questions and 
rarely asked hypothesis-seeking questions. Employing this format, 
studies by Ault (1973) and by Denney (1973) found that elementary 
grade Impulsives predominantly asked hypothesis-seeking questions, 
whereas Reflectives predominantly asked constraint-seeking forms. 
These findings suggest that the cognitive behaviour of Impulsives 

May resemble that of young children. This idea had originally been 
hypothesized by Siegelman (1969). She maintained that the Impulsive's 
acceptance of the immediately perceived global stimulus resembled 

the centration described by Piaget in young children (Siegelman, 


IGS) 


Modification of Impulsive Behaviour 


The accumulation of evidence indicating the general desir- 
ability of a reflective set over an impulsive one has stimulated 
attempts to modify impulsive behaviour. First attempts in this 
direction studied the effects of increasing response latency. Kagan 
et al (1966) reported that impulsive first graders engaged in 


inductive reasoning tasks could be trained to inhibit rapid 
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decision-making. After three hours of direct tutoring, significantly 
lower response latencies (p<.05) were obtained; accuracy however, 
remained unaffected. A study by Yando and Kagan (1968) showed that 
grade one Impulsives, at the end of an eight month period of instruc- 
tion under a reflective teacher, exhibited a Significantly greater 
increase in response latency (p<.01) than did Impulsives who had had 
an impulsive teacher. Again error scores were unaffected. A study 
by Rowe (1973) involving elementary school children of different 

ages manifested increases in accuracy of performance following 
manipulation of response latency. 

Limited success in modifying impulsive behaviour through manip- 
ulation of response latency led other investigators to focus attention 
upon the strategies employed during problem-solving. In a study by 
Debus (1970), impulsive third graders observed one of the following 
types of sixth grader actively involved in solving an MFF task: 

(1) an Impulsive, (2) a Reflective, (3) a model who initially 
exhibited an impulsive strategy, and then shifted to a reflective one, 
(4) two successive models, an Impulsive followed by a Reflective. In 
each case the model gave a verbal description of his strategy and the 
experimenter indicated the correctness of the model's choice. The 
reflective model had been previously instructed to succeed at the 
task, and the Impulsive to fail. Results indicated that all models 
served to increase significantly (p<.01) response latencies on MFF 
tasks administered, but failed to better the accuracy of the impulsive 
children. It is difficult to identify the factors responsible for 


the outcomes of this study. In an effort to isolate these factors, 


j 
= h tra 3 4 ‘ eke : ale t le oe) fOr aA fs #0 te | : 
ri “* a 


\ Pele rn 
, Sr went. Aare es SSS CS Otters arya 
Al 1! 1 


y | . 
a Ae “ 
4 a = ag a rial 
Ui e ee wertcs LENT D b: pre Race rei sy, ay A, kite Ay hye 


wy a. 


oe eeu #5 des 39 ip et Vs ine SOK 
were teree sae Hostess | hak Fone Ce See SSeS Ee 
a ine . ws ee) iY 
r 


i v7 
es 


airtsasD-~LURLT Te | ee aad ya» | atin sean 
oat cee ea cal oe net; eho ssi! clothe 
Wied hms 2. pha att paar cts. >» Lami ei 4 chaise 

ada tD ite to eee veg tiss rm : 


cia Ee 


Gan gots tie dyoded’ mode Loge ay it ladaiiecs 
yey 


AO SILRGIGS” SUA? 2S: sad oF pievah tO ro - Bh bi gaeberinds <a 
| phase eo) ser oo~titl Gea, Ogee aie ph 


miedl(iot off-lw sao tee mittee 


— 


reese Bert vu Basvin ex teas av: a asia 1 si 
heat oked. cd Eebmagey: Yer cae iit | baad s 


“It =. yoeiso ivr page Per monroe 
7 DAs "pete ten at ey eat “oats sty PRaSy 5 ose Itea i - os 
q 


ie Ta is i" 


ait “eSkteds--n fete apf 3h eae pi wens | ie 3h teem 


: Piveed 


seat ti dilate i wali Winn ies é ike en eh a 
sistem fhe iil SS ore ub os xh “haat 1 ay 


- 


one yz, beens fi ; Snnceads ae +o “vi 


S¥talegm2 itt so pire pre as atid. ost ‘ 
3 wise Ota aia sett cet! 
Mt cs 


spieslncaes esi radi al “on 3 


Ridberg, Parke and Hetherington (1971) utilized models who also 
verbalized response strategies. In addition they demonstrated 
scanning strategies by means of finger tracings. Impulsives were 
exposed to a film, in which a reflective model successfully solved 

a MFF task. Results of pre- and post-MMF test Ghee indi- 
cated that Impulsives showed significant increases in response 
latencies over control Impulsives (p<.0l1) and furthermore made signifi- 
cantly fewer Stier (p<.01). In a study conducted by Zelnicker et al 
(1972), eye movements of a group of nine year old Impulsives were 
recorded while working first on an MFF task, requiring the normal 
selection of one variant identical to the standard, second, ona 
differentiation task requiring selection of a variant different from 
the standard, and finally on an MFF task similar to the first. A 
control group of nine year olds was tested under similar conditions 
except that no participation took place on the differentiation task. 
Results indicated that the experimental Impulsives (i.e. those who 
participated on all tasks) made fewer errors on the final MFF task 
than on the first, whereas the control Impulsives made more errors 

on the final task thanonthe first. Improved performance of the 
experimental Impulsives was not accommodated by longer latencies, | 
but rather by a change in scanning strategy effected by the differ- 
entiation task. To Zelnicker and Oppenheimer (1973) the performance 
improvement resulted from a change in the type of processing of the 
visual information, the perceptual process being modified according 
to the task requirements, in this case looking for differences rather 


than for similarities. In the matching task Impulsives made selections 
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by overlooking features distinguishing the alternative from the 
standard. The differentiation task, in contrast, did not allow 
selection to be made without detection of the features distinguishing 
the alternative from the standard. A study by Egeland (1974) indi- 
cated that training Impulsives working on MFF tasks to ences tovail 
alternatives provided, to break down alternatives into component 

parts, and to look for similarities and differences across the alterna- 
tives, is as efficient as training for response delay in the immediate 
modification of impulsive behaviour. Both types of training manifested 
significant increases in response latency, and decreases in number of 
errors made, while the search strategy group maintained a low level 


of error response. 
COMMENTS PERTAINING TO THE LITERATURE 


According to Kagan (1966b) the R/I dimension is influential 
in both hypothesis selection and evaluation. Although Kagan intimates 
in his generalized problem-solving schema that hypothesis evaluation 
follows hypothesis selection it is doubtful whether the two operate | 
separately, evaluation likely taking place before, during and after 
hypothesis selection. The study by Siegelman (1969) cited page 35 
indicates that Reflectives make a more detailed comparison of similar 
elements across variants of alternative hypotheses than do Impul- 
sives, who commonly fail to observe and hence compare certain variants. 
These findings suggest that the Reflective places heavier emphasis 
upon evaluation of alternatives than does the Impulsive, by subjecting 
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details to more efficient visual scrutiny. These differences may 
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explain, at least in part, the lengthier responses and more accurate 
replies of the Reflective. In summary, when placed in problem- 
solving situations that involve selection from a group of alterna- 
tives, Reflectives, in contrast to Impulsives, utilize more efficient 
visual search skills and more efficient evaluation skills. 

In spite of Kagan's insistence (see p. 27) that performance 
in certain intellectual tasks will sometimes be best facilitated by 
.a reflective set and sometimes by an impulsive one, findings of 
studies reviewed above indicate a reflective disposition to be 
generally more favourable to performance in problem-solving than an 
impulsive one. Since the R/I dimension has also been shown to exhibit 
generality across task boundaries (see p. 33) a reflective disposition 
would appear in turn to be generally appropriate and conducive to 
performance on science-related tasks. Caution however should be 
exercised in the too ready acceptance of this generalization. In 
all studies reviewed, substantial external structuring was imposed 
upon the tasks, in the sense that in each case a problem was posed, 
and from the several alternatives provided, the subject was required 
to select the one response judged acceptable by external sources. In 
terms of Mosston'ts (1972) decision-making model, here the impact 
stage alone may be considered to provide for limited decision-making 
Sune part of the student. Both pre- and post-impact decision- 
making remain the total responsibility of external sources. Thus the 
structure of these tasks provides for the tapping of essentially 
guided-discovery problem-solving activity. No opportunity for open- 
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ended student inquiry was provided. Thus it can be argued that while 
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a reflective disposition has indeed been shown more appropriate than 
an impulsive one in response uncertainty activities demanding a 
preponderance of guided-discovery, its superiority over impulsive 
behaviour in more open-ended problem-solving situations remains in 
doubt. Involvement in ee with less externally imposed structure 

in which alternatives are not provided, such as in tasks which require 
generation of multiple alternatives, would enable the appropriateness 
of reflective and impulsive behaviours to be explored in more open- 
ended situations. Only then should the modification of disposition 


in elementary school science be contemplated. 
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CHARI R wii 
DESIGN FOR THE STUDY 
THE SAMPLE POPULATION 


The sample utilized in this study was drawn from the popula- 
tion of grade six classrooms of schools within the Edmonton Public 
School System located in middle-income areas. Data from the most 
recent City of Edmonton Census (1971) indicated a mean income of 
household heads for each of the eighty census tracts identified, as 
well as a mean City of Edmonton income. For the purposes of this 
study a middle-income area is defined as one in which the mean income 
of household heads falls within a range plus or minus one thousand 
dollars of the mean City of Edmonton income. Decision to experi- 
mentally control for economic status as indicated by income, rested 
upon evidence marshalled by Hess and Shipman (1965) and Souch (1970) 
indicating substantial correlation between this variable and R/I. 
Thirty-three elementary schools were found to be located within 
middle-income areas. Ten schools were randomly chosen, and from 
these eight agreed to have students participate in the study. From 
each of the eight schools involved, students from one complete grade 
six class participated in the investigation. Table 1 summarizes the 


composition of the sample employed with respect to school affiliation 


and sex. 
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TABLE I 


DISTRIBUTION OF STUDENTS WITH RESPECT TO SEX 
AND SCHOOL AFFILIATION 


School Students per 
Identification Males Females School 
ui 12 13 25 
2 10 3) 25 
3 10 3 Pa 
4 ‘la us) 26 
5 8 10 18 
6 15 7 22 
a he} v7, 30 
8 6 9 TS. 


TOTALS 85 29 184 
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PROBLEM EPISODE PRESENTATION 


Problem episodes forming foci for all guided-discovery and 
open-ended tasks were presented by means of a film-loop. This means 
of presentation appeared preferable to one involving investigator 
demonstrations for the following reasons. (1) Employment of a film- 
loop ensured that the episodes were presented in identical form and 
fashion to each of the eight classes involved in the study. (2) The 
nature of the study demanded several showings of the problem situa- 
tions, a requirement easily facilitated by means of the loop mode of 
presentation, but considerably less easily by investigator- 
demonstration means. (3) Finally, by careful aoe GEE HeEO eC Dan G 
of film equipment and students' desks, the film-loop presentation 
provided participating students clear and unhampered viewing access. 

For the purposes of this study, the Suchman (1962) film-loop 
"The Knife' was used. In this film the following sequences are 
depicted: A straight bimetallic strip (the knife) is heated which 
subsequently bends downward. Then the strip is placed in a liquid 
and straightens out. After being turned over the strip is again 
heated, this time gradually bending upwards. Placed again in the 
liquid thes bent strip once more straightens out. = Three distinct 
problem situations can thus be identified in the loop, serving as 
foci for subsequent student activity. First, the strip bent down- 
wards, second the strip bent upwards and third, the strip straightened 
out on two occasions. Decision to employ this particular film-loop 
among the several others available was based upon the following 


considerations. First, this loop has been effectively used by 
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Suchman (1962) with grade six children. Secondly, according to 
Piagetian theory, conceptual development is best facilitated by 
provision of environments that confront the learner with partially 
familiar occurrences promoting some degree of cognitive disequilibrium 
(Inhelder and Piaget, 1958). In efforts to assimilate the new 
information, thereby removing the disequilibrium, the individual is 
forced to modify and refine existing conceptual frameworks. In 
accordance with this position, problems depicted in 'The Knife’ are 
neither completely familiar nor completely foreign to the experiences 
of grade six children. Yet the problem situations portrayed are novel 
enough to cause some disequilibrium on the part of students who cannot 
account for all events in terms of concepts normally acquired at 

this age. According to Suchman (1962) such a problem environment is 
highly effective in stimulating active investigation on the part of 
students. Thirdly, in the film-loop the number of significant vari- 
ables involved in the production of the problem situations are few. 
Use of a film-loop in which complex causal relationships are absent 


appears appropriate at the grade six level. 


INSTRUMENTATION 


Introduction 


A review of Buros (1965, 1972) indicated that very few pub- 
lished instruments exist capable of assessing visual observation and 
hypothesizing skills at the elementary level. This lack of pute le 
instrumentation is explained in large part by the fact that problem- 


solving skills in general have only recently been afforded considerable 
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attention by certain elementary science curricula (e.g. SAPA, SCIS, 

ESS and ESCG). In the following two sections brief reviews of 
instruments currently available focbe uaa ng observation and hypothe- 
sizing skills will be given. Although some of the instruments reviewed 
were designed for use at the junior high school level only, their 
inclusion here appears justified in view of the fact that certain 
investigator-designed tasks utilized in the present investigation were 


based in part upon criteria associated with those instruments. 


Evaluation of Observational Skills 

Tannenbaum (1971) developed a multiple choice instrument 
assessing abilities of junior high school students in visual observa- 
tion skills. The following abilities were measured using this test: 
The demonstration of an operational knowledge of physical properties 
of objects, the identification and description of objects and object 
systems, the discrimination between spatial relationships of objects 
within a system, and finally the noting of visually observed character- 
istics of phenomena. Using grade seven, eight and nine students 
(N = 3673) KR, 9 reliabilities of .41 and .42 were reported for this 
test. Evidence establishing content and curricula validities was 
also provided. Hungerford and Miles (1969) devised an observation 
skill test assessing ability of seventh grade students in the identi- 
fication and communication of morphological characteristics pertaining 
to deciduous twig specimens provided. Observation ability was 
measured in terms of three derived scores: (1) the proportional 
accuracies with which drawings of the twigs were made, (2) the 


accuracy of communication of morphological features and (3) the 
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accuracy of labelling of major features. Inter-‘judge scoring reli- 
abilities of .90 and .94 were reported. Using parallel-form pro- 
cedures, reliabilities of .25 and 49 were reported (Hungerford and 


Miles, 1969). 


Evaluation of Hypothesis Formulation 


Works noted earlier (see p. 24) indicate that both quality 
and quantity factors should be accounted for in any effective and 
objective evaluation of ability in formulating hypotheses. Clearly 
the evaluation of quality of production is far more complex an under- 
taking than that of the quantity of production. Unfortunately, 
little research as yet exists pertaining to this particular area. 
In one effort to objectively evaluate the quality of hypothesis 
formulation, Quinn (1971) and Quinn and George (1975) designed an 
instrument identifying a spectrum of qualities against which hypotheses 
can be evaluated. The following criteria upon which these qualities 
are based, essentially reflect the commonly accepted hypothesis quality 


factors earlier noted on page 25. 


Quality 
Hierarchy Criteria 
6) No explanation, such as a nonsense statement, a 
question, an observation, an inference. 
wh Non-scientific explanation. 
2 Partial scientific explanation . . . incomplete 
reference to variables . . . an analogy. 
3 Scientific explanation relating at least two 
variables in general or non-specific terms. 
4 Precise scientific explanation, a qualification 


and/or quantification of the variables. 
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5 Explicit statement of a test of an hypothesis. 
(Quinn and George, 1975, p. 290) 


An inter-judge scoring reliability of .94 was reported for 
this scale (Quinn and George, 1975). The evaluation of hypothesis 
formulation procedures undertaken by Quinn and George did not include 
assessment of quantity of hypotheses generated. A study by Pearson 
(1975) involved the simultaneous assessment of both quality and 
quantity of hypothesis production. Employing visual/mechanical and 
visual task modes, this study assessed the quantity of 'high quality' 
hypotheses generated by students in elementary grades. Hypotheses 
qualities were defined in terms of functional capabilities within the 
specific experimental situation entailed. Using parallel-form 
procedures a reliability of .91 was obtained on the visual/mechanical 


task and a reliability of .86 was obtained on the visual task. 


Investigator-designed Instruments 

The majority of tasks employed in this investigation were 
designed by the investigator. Such construction was deemed necessary 
since, as noted above, reviews of Buros (1965, 1972) indicated that 
published tasks appropriate to the specific requirements of this 
particular investigation at the grade six level, were not in existence. 
For this reason all guided-discovery tasks, guided-discovery evalua- 
tion tasks, open-ended tasks and open-ended evaluation tasks, were 
constructed by the investigator. As noted earlier (see p. 7), 
guided-discovery tasks require students to select observations and 
hypotheses pertaining to the problems depicted on the loop by 


indicating choices made in response categories provided. The general 
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format of these tasks thus facilitates task-item analysis. Accord- 
ingly, guided-discovery tasks were subjected to item-analysis at 
several junctures in their development in order to determine the 
following infcrmation: 

i, Theskhuder-—Richardson 20 reliability coefficient of the 
task. This value indicates the degree to which the task is internally 
consistent. 

2 eeecem- arrr i eulty index (p) values. A p value indicates 
the proportion of the total group answering the test item correctly. 
The acceptability range for p values of .2 to .8 proposed by Stanley 
and Hopkins (1972) will be adopted throughout this study. 

3. Item discrimination index (D) values. A D value indicates 
how well a particular item distinguishes between students who compre- 
hend the test content, and those who do not. The acceptability range 
for D values of .2 and above, proposed by Ebel (1965), will be adhered 
to in this investigation. 

As noted earlier (see p. 6) open-ended tasks require students 
to generate multiple observations and hypotheses pertaining to the 
depicted problems. The open-ended nature of these tasks did not 
facilitate task-item analysis. 

In the following sections a general task description, and the 


procedures adopted in refining and scoring investigator-designed 


tasks, will be given. 
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Guided-discovery Tasks 


Object Selection Task. Refining procedures: A task consisting 


of sixteen items was constructed, of which eight items consisted of 
objects present on the loop and eight consisted of objects not present 
on the loop. Students were required to select objects present from 
those not present. The task in initial form was piloted on one 
complete grade six class (N = 26) that did not subsequently participate 
in the main study. Results obtained were scored and subjected to item 


analysis. Item-analysis revealed a very low KR rellability of. .28. 


20 
Only two of the sixteen items manifested acceptable p and D values. 
Unacceptable p and D values obtained on all other items indicated the 
need for rejection or extensive modification of these items. Using the 
item-analysis data a second edition of the task was constructed. The 
previous task content comprising merely a list of individual objects 
was abandoned and replaced by content in which the objects were des- 
cribed in some detail. By these means assessment of ability to observe 
objects solely as wholes now gave way to assessment of the students' 
ability to observe specific attributes of objects (e.g. shape, size, 
colour, etc.). Following administration to a second class of grade 

six children (N = 28), which was not involved in the major study, an 
item-analysis indicated that seven of the fifteen items received 
acceptable p and D values. Based on these acceptable items a KR 
reliability of .42 was obtained. This value compares favourably with 
values of .41 and .42 obtained by Tannenbaum (1971) on Observation 


sections of a Test of Science Processes. However since Jacknicke 


(1974) obtained a higher KR 9 reliability of .61 on a Process Skill 
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Test, which contained several items assessing ability in visual 


observation, the noted KR reliability of .42 was not deemed accept- 


20 
able. A final edition of the task was then prepared, consisting of 
eight items (see Appendix A for a copy of the instrument). Item p 
and D values are reported in Appendix G. The items were examined 
for face and content validity by a panel of judges consisting of 
three science educators, one mathematics educator and one science 
education doctoral student at the University of Alberta. Following 
administration to the major sample employed in this study (N = 138), 
a KR. rersapiity of .54 was obtained. Since there are no published 
tests of a similar nature other than Tannenbaum's (1971) reported in 
Buros (1972) with which to compare KRA0 reliabilities, the reliability 
of .54 obtained was judged to be at an acceptable level for purposes 
of this investigation. In order to determine if the task manifested 
stability over time, a test-retest was conducted on one class of 
students (N = 26) employed in the main sample. Analysis revealed a 
test-retest reliability based over a two week period of time of .78 
(Winer? 19677" pp. 105-132). con» the: basis"of*this reliability, the 
test was judged to have stability over time. 

Scoring procedures: An Object Selection score was derived by 
summing the total number of objects correctly selected on the task. 
One point was given for each correct selection made. Independent 


scoring by a trained science education doctoral student revealed a 


100% investigator-doctoral student agreement. 


Event Selection Task. Refining procedures: A task consisting 


of sixteen items was constructed. Eight items of the task consisted 
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of events occurring on the film-loop and the remaining items consisted 
of events not observed to occur on the loop. Students were required 
to select those events which occurred on the loop. Results from 
first pilot administration of this task (N = 26) were subjected to 
item-analysis and indicated a KR, reliability of)/.30. Only tour, ct 
the items had acceptable p and D values. The rejection or neat ete ie 
of all other items appeared necessary. A second edition of the task 
was subsequently constructed, consisting of thirteen items which were 
described in more detail than were those of the first edition. 
Results obtained from the administration of the second edition indi- 
cated that seven items achieved acceptable p and D values. Based on 
these items a RROD reliability of .46 was obtained. This value 
compares favourable to those of .41 and .42 obtained by Tannenbaum 
(1971) on Observation sections of the Test of Science Processes. A 
final edition of the task was prepared, consisting of eight items 
(see Appendix B for a copy of the instrument). Item p and D values 
are given in Appendix G. All items were examined by the same panel 
of judges (see p. 52) to determine face and content validity. Using 
the final version with the main sample (N = 138), a KR. reliability 
of .61 was realized. In view of the lack of similar tasks with which 
to compare RRO reliabilities, this value of .61 was judged adequate 
for purposes of this investigation. A test-retest reliability of 

.80 (N = 26) was obtained over a two week period of time on the 

final edition. Stability of the task over time was thus established. 


Scoring procedures: An Event Selection score was derived from 


the total number of events correctly selected. One point was given 
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for each correct solution. An investigator-doctoral student scoring 


agreement of 100% was obtained. 


Hypothesis Selection Task. Refining procedures: Three dis- 
tinct problem situations were identified within the film-loop 'The 
Knife" (see p. 45). Consistent with this fact, the Hypothesis Selec- 
tion Task incorporates three subtasks, each subtask being exclusively 
associated with one of the three different problem situations depicted. 
Each subtask required students to select between hypotheses offering 
explanations of the particular problem identified and hypotheses 
offering explanations of a problem other than the one identified. In 
their initial forms, subtask 1 consisted of eight items, subtask 2 
eight items and subtask 3 six items. Results obtained from first 
pilot administration of the task (N = 26) indicated that six sub- 
task 1 items, five subtask 2 items and two subtask 3 items had accept- 
able p and D values. Subsequent rejection or modification of other 
items appeared necessary. Results of a second pilot administration 
of a revised edition of the task (N = 28), indicated that two items 
associated with subtask 1, two items with subtask 2 and one associated 
with subtask 3 failed to reach acceptable p and D values. Based on 
acceptable subtask items, KR, Veliapp ties Of 33271-5242 ond ~ 34 
respectively were obtained on each subtask. There are no published 
tasks of a similar nature reviewed in Buros (1972) with which to 
compare reliabilities. However since Jacknicke (1974) obtained 
a KR, reliability of .61 on his Test of Process Skills, a test con- 
taining several items measuring ability in hypothesizing, the noted 


KR,0 reliabilities were deemed unacceptable. Following subsequent 
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minor modification to certain items, reliabilities associated with 
each subtask of .40, .38 and .39 respectively were obtained (N = 28). 
(See Appendix C for a copy of the instruments. Item p and D values 
are given in Appendix G.) All items were examined by a panel of 
judges (see p. 52) to assess face and content validity. Employing 

a final version with the major sample (N = 138), KR. reliabilities 

of .48, .45 and .44 were obtained on each of the subtasks repectively. 
Based on the complete sixteen item Hypothesis Selection Task, an 
overall KR 0 reliability of .52 was obtained. In view of the noted 
lack of similar tasks with which to compare reliabilities, relia- 
bilities obtained were judged adequate for purposes of this investiga- 
tion. Based on a two week interval of time, test-retest reliabilities 
of .78, .82 and .75 were obtained on each of the final edition sub- 
tasks respectively. Stabilities of the subtasks over time were thus 
established. 

Scoring procedures: Hypothesis Selection subscores pertaining 
to each of the three subtasks were derived from the number of hypoth- 
eses offering explanations of the particular problem depicted which 
were correctly selected. One point was awarded each correct solution. 
A total Hypothesis Selection score was obtained by adding the three 


subscores. Investigator-doctoral student scoring agreements of 100% 


were obtained on each subtask. 


Guided-discovery Evaluation Tasks 


Evaluation of Selected Objects Task. Refining procedures: 


This task is closely associated with the Object Selection Task (see 
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p. 51). Students were required to evaluate the extent to which 
objects, which were previously selected as present in the Object 
Selection Task, had an effect upon occurrence of the depicted problem. 
In the first administration of the task (N = 28), 50% of the students 
were proviaed dichotomous response keys in which objects previously 
selected by students were evaluated in terms of having 'no effect' 

or 'some effect' on the depicted problem. Other students were pro- 
vided trichotomous response keys in which objects were evaluated in 
terms of having 'no effect," "some effect' or 'large effect' upon the 
problem. These tactics were employed to ascertain whether or not 
students in general were able to differentiate between three response 
categories. Very low agreements between students and investigator in 
terms of evaluating responses according to trichotomous categories 
resulted, indicating widespread difficulties in making often fine 
distinctions between the three category system. Considerably higher 
investigator-student agreements were obtained on tasks utilizing the 
dichotomous keys. Thus for the specific purposes involved, dichotomous 
evaluation response categories appeared more appropriate than tri- 
chotomous ones. Following the second refinement of the associated 
Object Selection Task, item analysis indicated that all items on the 
Evaluation of Selected Objects Task manifested acceptable p and D 
values. Based on these items, a KR, 5 reliability of .45 was obtained. 
All items were examined at this point by the panel of judges (see 

p. 52) to assess face and content validity. A final version of the 
Task utilized with the main sample (N = 138) yielded a KRo 9 reliability 


of .50. With the absence of any similar tasks published in Buros 
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(1972), this reliability was deemed acceptable for the purposes of 
this investigation. (See Appendix A for a copy of the instrument. 
Item p and D values are given in Appendix G.) A test-retest relia- 
bility of .81 (N = 26) was obtained over a two week period on the 
final edition. The stability of the task over time was thus estab- 
lished. 

Scoring procedure: An Evaluation of Selected Objects score 
was derived from he total number of objects previously correctly 
selected as present, and subsequently correctly classified as having 
no effect or some effect upon the depicted problem. One point was 
awarded each correct evaluation. An investigator-doctoral student 
scoring agreement of 100% was obtained. 

A major weakness exists in the scoring format associated with 
this Evaluation of Selected Objects Task (and with scoring formats 
of all other Evaluation Tasks). Scores obtained are in part deter- 
mined (limited) by scores previously obtained on the associated 
Object Selection Task. For example a student who previously failed 
to select any objects correctly on the Object Selection Task would be 
unable to score higher than zero on the Evaluation of Selected 
Objects Task since only objects correctly selected are required to be 
evaluated on this Task. Only in the case where maximum scores are 
obtained on the Object Selection Task, can scores on the Evaluation 
of Selected Objects Task be considered independent of Object Selection 
scores. Due to this weakness spuriously high correlations are likely 
to be manifested between Evaluation of Selected Objects scores and 


associated Object Selection scores. (Spuriously high correlations 
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are also likely to exist between all other Evaluation Tasks and 


respective Selection or Generation Tasks.) 


Evaluation of Selected Events Task. Refining procedures: 
This task is closely connected with the Event Selection Task (see 
p. 52). Students were required to evaluate the extent to which 
events previously selected in the Event Selection Task had an effect 
upon occurrence of the depicted problem. Results obtained from 
employing dichotomous and trichotomous keys identical to those 
utilized in the Evaluation of Selected Objects Task, indicated the 
superiority of the dichotomous system over the trichotomous one. 
Using trichotomous keys a very low investigator-student agreement 
was obtained, whereas a substantially higher agreement in evaluating 
responses was obtained using dichotomous keys. Acceptable p and D 
values on all items were obtained following the second refinement of 
the associated Event Selection Task. Based on these items, a KR 
reliability of .42 was obtained. At this point all items were 
scrutinized by judges (see p. 52) to assess face and content validity. 
The final version of the task used with the main sample (N = 138) 
manifested a KRO6 reliability of .48. With no published task available 
with which to compare reliabilities, this reliability was deemed 
adequate for the purposes of this investigation. (See Appendix B 
for a copy of the instrument. Item p and D values are given in 
Appendix G.) A test-retest reliability of .85 was obtained over a 
two week interval (N = 26). The stability of the task over time was 
thus established. 


Scoring procedure: An Evaluation of Selected Events score 
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was derived from the number of events previously selected as present 
and subsequently correctly classified as having no effect or some 
effect upon the problem depicted. One point was given each correct 
evaluation. An investigator-doctoral student scoring agreement of 


100% was achieved. 


Evaluation of Selected Hypotheses Task. Refining procedures: 


As noted earlier (see p. 48) few attempts have been made to evaluate 
objectively the quality of formulated hypotheses. However the Quality 
Scale devised by Quinn and George (1975) is the outcome of one such 
attempt. This instrument provides a six-point scale against which the 
quality of hypotheses may be assessed (for details see p. 48). Since 
it was considered unlikely that students in the present investigation 
would be able to differentiate between these six qualities, a 
decision to modify the Quality Scale to a three-point one was taken. 
Accordingly students using the first edition of the Evaluation of 
Selected Hypotheses Task were required to evaluate hypotheses pre- 
vVLouslyyselected, in terms of “poor,” ‘fair’ and, “good* qualities. 

A poor hypothesis was considered one equivalent to Quinn's O and 1 
hypothesis qualities (see p. 48). A fair hypothesis was considered 

to be one equivalent to a 2 quality, and finally a good hypothesis 
was seen as one equivalent to 3 and 4 qualities. [Quinn's 5 quality 
(see p. 48) was not included in the response key Since this particu- 
lar quality indicates evidence of ability to test a hypothesis, a 
requirement not demanded in the present investigation.] Definitions 
of poor, fair and good qualities, in terms of the specific problem 


situations depicted, were provided students. Results of the 
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administration of this trichotomous system to a complete grade six 
class (N = 26) indicated that the system was too ave eons for general 
usage at this level. A very low investigator-student agreement was 
obtained, indicating difficulty in discriminating between the three 
categories. In view of these findings it appeared likely that a 
dichotomous response system would be meee ae to a trichotomous 

one. In this regard selected hypotheses were now evaluated in terms 
of A-type and B-type qualities. An A-type hypothesis was defined 

as one which indicated one possible cause of the depicted problem. 

A B-type hypothesis was defined as one indicating at least two possible 
causes of the depicted problem. Use of this dichotomous evaluation 
system manifested a considerably higher investigator-student agreement 
than that manifested by the trichotomous system. Thus the superiority 
of the dichotomous evaluation system over the trichotomous one was 
established. Use of the dichotomous key with the second edition of 
the Hypothesis Selection Task yielded a KRo 0 reliability of 247% 

with one item failing to manifest acceptable p and D values. All 
items were scrutinized by judges (see p. 52) to assess face and 
content validity. Employing the final version of the Evaluation of 
Selected Hypotheses Task with the major sample (N = 138) all items 
manifested acceptable p and D values, anda RR, reliability, (of 53 
was obtained. In view of the lack of similar tasks with which to 
compare reliabilities, this value was judged adequate for purposes of 
this investigation. (See Appendix C for a copy of the instrument. 
Item p and D values are given in Appendix G.) Based on the tgtal of 


the three scores associated with the subtasks, a test-retest 
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reliability of .87 (N = 26) was obtained over a two week interval of 
time. The stability of the task was thus considered established. 
Scoring procedures: Consistent with the noted need for con- 
Sideration being given to both quantity and quality in any hypothesis 
evaluation program (see p. 48), an Evaluation of Selected Hypotheses 
score was derived from the total number of hypotheses previously 
correctly selected as offering explanation of the depicted problem, 
and subsequently correctly evaluated as being of A-type or B-type 
quality. One point was awarded for ser Recnrece evaluation. An 


investigator-doctoral student scoring agreement of 100% was obtained. 
Open-ended Tasks 


Object Generation Task. Refining procedures: Students were 
required to generate a list of all of the objects observed on the 
film-loop. In an initial administration of this task (N = 26), a 
test-retest reliability of .83 was achieved over a one week lapse of 
time. The task was then submitted to scrutinization on the part of 
the judges (see p. 52) in order to assess face and content validity. 
Following minor revisions, a further administration a = 28) yielded 
a test-retest reliability of .82 based over a two week period of 
time. Since there were no similar tasks reported in Buros (1972), 
this reliability was judged acceptable for the purposes of this 
study. (See Appendix D for a copy of the task.) 

Scoring procedures: All responses that were not oonece 
(i.e. events, inferences, questions, etc.) were eliminated. An 


Object Generation score was derived from the total number of objects 
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correctly listed as present on the loop. One point was given each 
correct generation. An investigator-doctoral student scoring agree- 


ment of 96% was achieved. 


Men eres tion Task. Refining procedures: Students were 
required to generate a list of all the events observed on the loop. 

In an initial administration of the task (N = 26), a test-retest 
reliability of .70 was achieved based on a one week interval of time. 
The task was then examined by the panel of judges (see p. 52) to 
assess face and content validity. Following minor revision, the task 
was administered to ancther group of students (N = 28). A test-retest 
reliability of .77 was obtained over a two week interval. With the 
absence of any similar published task reported in Buros (1972), this 
reliability was deemed acceptable for purposes of this investigation. 
(See Appendix ee a copy of the task.) 

Scoring procedures: All responses that were not events (i.e. 
objects, inferences, questions, etc.) were eliminated. An Event 
3eneration score was derived from the total number of events correctly 
listed as present on the loop. One point was given each correct 


jyeneration. An investigator-doctoral student scoring agreement of 


100% was obtained. 


Hypothesis Generation Task. Refining procedures: To be 
consistent with the noted need for quality and quantity hypothesis 
roduction (see p. 48), this task comprised of three hypothesis 
eneration subtasks, requiring students to generate quantities of 


vpotheses offering possible explanation of each of the three 
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identified problem areas depicted on the loop. In an initial 
administration of the task (N = 26), reliabilities of .80, ..80 and 
.70 were obtained over a one week interval on the three subtasks 
respectively. Subtasks were scrutinized by judges (see p. 52) to 
assess face and content validity. Following minor revision, a 
further administration (N = 28) yielded test-retest reliabilities 
of .82, .75 and .80 on each of the subtasks respectively. No similar 
tasks were Bena reG in Buros (1972) with which comparisons of relia- 
bilities could be made. Accordingly these reliabilities were deemed 
acceptable. (See Appendix F for a copy of the task.) 

Scoring procedures: Ali responses that were not hypotheses 
[i.e. statements that did not meet criteria associated with A-type 
and B-type hypotheses (see p. 60) ] were rejected. In addition all 
responses that were hypotheses but offered explanation of a problem 
other than the one depicted were also rejected. Hypothesis Generation 
subscores pertaining to each of the three subtasks were derived from 
the number of A-type and B-type hypotheses generated, one point being 
awarded each A-type hypothesis and two points being awarded each 
B-type hypothesis. By summing the three separate subscores a total 
Hypothesis Generation score was obtained. Investigator-doctoral 


student scoring agreements of 100%, 100% and 92% were obtained on the 


three subtasks respectively. 


Open-ended Evaluation Tasks 


Evaluation of Generated Objects Task. Refining procedures: 


This task is closely associated with the Object Generation Task (see 
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p. 61). Students were required to evaluate the extent to which 
objects previously generated had an effect upon occurrence of the 
depicted problem. Consistent with the format of the Evaluation of 
Selected Objects Task (see p. 55) a dichotomous response key rather 
than a trichotomous one was employed. As in the case of the Evalua- 
tion of Selected Objects Task, students were required to evaluate 

the role played by each object in terms of no effect or some effect. 
Following its first administration (N = 26), a test-retest reliability 
of .80 was obtained based over a one week time span. Following minor 
revisions advised by judges (see p. 52), a second administration 

(N = 28) resulted in a test-retest reliability of .78 over a two 
week time period. Since no similar tasks were cited in Buros (1972) 
this reliability was judged acceptable. (See Appendix D for a copy 
of the task.) 

Scoring procedure: An Evaluation of Generated Objects score 
was derived from the total number of objects previously correctly 
generated and subsequently correctly classified as having no effect 
or some effect upon the depicted problem. One point was awarded 
each correct evaluation. An investigator-doctoral student scoring 


agreement of 100% was obtained. 


Evaluation of Generated Events Task. Refining procedures: 
This task is closely associated with the Event Generation Task (see 
62). Students were required to evaluate the extent to which events 
previously generated had an effect upon occurrence of the problem 
depicted. First administration of this task yielded a test-retest 


reliability of .70 based on a one week period of time. Following 
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minor revision, a second administration (N = 28) yielded a test- 
retest reliability of .72 based on a two week time span. This relia- 
bility was judged acceptable for the purposes of the study in view 
©£ the absence of any similar task published in Buros (1972). (See 
Appendix E for a copy of the instrument.) 

Scoring procedures: An Evaluation of Generated Events score 
was derived from the total number of events previously correctly 
generated and eee coaent iy correctly classified as having no effect 
or some effect upon the depicted problem. One point was given each 
correct evaluation. An investigator-doctoral student scoring agree- 


ment of 100% was realized. 


Evaluation of Generated Hypotheses Task. Refining procedures: 
Students were required to evaluate hypotheses previously generated in 
terms of A-type and B-type qualities. In the first administration of 
the task (N = 26), a test-retest reliability of .79 based on a total 
of the three scores associated with the subtasks was achieved over a 
one week period of time. Second administration of the task (N = 28) 
after revision yielded a test-retest reliability of .80 based over 
a two week time span. With the absence of similar tasks reported in 
Buros (1972) this reliability was judged acceptable for the purposes 
of the investigation. (See Appendix F for a copy of the instrument.) 

Scoring procedures: An Evaluation of Generated Hypotheses 
score was derived from the total number of hypotheses generated on 
the three subtasks offering explanation of the depicted problem and 
subsequently correctly evaluated as being of A-type or B-type 


quality. One point was awarded each correct evaluation. An 
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investigator-doctoral student scoring agreement of 92% was obtained. 


Other Investigator-designed Instruments 

The two hypothesizing tasks designed by the investigator 
[i.e. the Hypothesis Selection Task (see p. 54) and the. Hypothesis 
Generation Task (see p. 62)] depend for their effective operation 
upon presentation of the film-loop 'The Knife.' Because of the nature 
of the loop and the particular episodes depicted, the content area 
associated is highly specific and restricted in scope. The assessment 
of ability in hypothesizing in other content areas and the employment 
of other modes of problem depiction would help to determine the extent 
to which hypothesizing abilities manifest inter-task generality. - 
Assessment of hypothesizing abilities in other domains could also 
aid in the validation of the two above-mentioned hypothesizing tasks. 
Since a survey of Buros (1965, 1972) failed to indicate existence of 
aw aaeee and valid instrument assessing hypothesizing ability at 
appropriate grade levels, a need for construction of suitable instru- 
mentation was apparent. Accordingly the following two Tests were 


constructed by the investigator. 


Pearson Hypothesis Formulation Test. This test is a modifica- 


tion of the Hypothesis Machine Test (Pearson, 1975) claimed to 

assess ability in generating hypotheses. In this modified version 
students were shown a diagram of a series of channels on the class- 
room chalkboard. Each channel permitted a "ball" to pass freely from 
top to bottom. At various 'gaps' located in the channels, certain 


triangles having specific characteristics could be inserted to deflect 


66 


! 
i 
\ 
i i 
% fe i 
vin A 4h Sel fae al 
> Ca is 
\ a 
ry ‘ : ce ‘ ~ * 
wh. _ b 
, ae) f + ‘ 
> teers . ~ ‘g 
, 5 as F ¥ 
¢ ii» ) i 
4 aT 
‘ f 
id <a ee f 
va! + 
tay 7 Ry 
f Led ) 
a Ts ‘ 
ete — | 
om iy, 
£ ¥ ’ 
+ é i 
a am - 
p : Oa Vai. aes nh ae 
; ‘ ee) 
y j 7 
i & 
f ey ale sine 
in 
: iA f 
Lo Pony | ‘3 
- 2m ' : 
S aah * 
‘is 
wes 
et joke 
Mi r ( 
a “y 
+ 
. q ,' 
yo i 
1 
4 
4 
‘ t 
ey 
j 
F ; 
‘eK 
, 
. a Le ~ 
‘ 
eT 
~ erate gle vs i 
iwi, et 
ey _ 
j i 
Ae] < - ! ? > taM 
, a nt 
{ ey | { a 
- - 
; ho 
dy td 4 ; 
“1 met ‘Sy TW oad we 
¢ : 4 
, AT 
i pur 
‘ j ? 
x | ce m 
; VS oe 
Mg ie ne Mt 
t ar) 7 "> Wii's 
i ; Ws, 
; : 
oh 
ola 
i 


ee “fi, ee 


the ball either one or three channels to the raightel or) onelhom three 
channels to the left. Once the capabilities of the triangles had 
been demonstrated, students were provided the test in which a series 
of eighteen identical representations of the diagram shown on the 
board had been drawn. On each representation a ball had been 
positioned at the top of one particular channel and another ball had 
been placed at the bottom of a different channel. Students were 
required to draw bhi all the possible alternative routes by which the 
ball could successfully pass from the identified top position to the 
identified bottom position. Any combination cf triangles was per- 
mitted in order to facilitate this objective. (See Appendix H for a 
copy of the instrument.) A Hypothesis Formulation score was derived 
from the number of routes drawn in that were functionally possible 
within the defined limits of the experimental’ situation. One point 
was awarded each functional route. Results obtained from the adminis- 
tration of this test to a complete grade six class (N = 26) not sub- 
sequently utilized in the main study, yielded a test-retest relia- 
bility of “77 based over a‘ one week interval of ‘time.’ "With the noted 
absence of tests of a similar nature with which comparisons could be 
1 


made, this reliability was deemed acceptable for the purposes of this 


investigation. 


Pearson Hypothesis Selection Test. In «an effort to enable 
measurement of students' ability in selecting hypotheses in a content 
area similar to that of the above Pearson Hypothesis Formulation 


Test, students were presented eighteen identical representations of 
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drawn in for the students prior to test administration. Some routes 
were functionally possible while other routes were not. Students 

were required to distinguish between those that were functional and 
those that were not. (See Appendix J for a copy of the instrument.) 

A Hypothesis Selection score was derived from the number of correct 
identifications made, one point being awarded each correct identifica- 
tion. Using a test-retest procedure a reliability of .85 was obtained 
over a-one week period (N = 28), indicating the stability of the test 
Over time. Results of an item-analysis conducted on the main sample 
employed in this investigation (N = 138), indicated a KR, reliability 
of .75. With the lack of any similar test with which to compare this 


reliability, the value obtained was judged adequate for purposes of 


the investigation. 
Published Instruments 


Test of Science Processes (Observation). The four observation 
tasks designed by the investigator [i.e. Object Selection Task (see 
Pp. 51), Event Selection Task (see p. 52); Object Generation Task (see 
p. 61), and the Event Generation Task (see p. 62)] depend for their 
effective operation upon the content of the film-loop 'The Knife.’ 
The assessment of ability in visual observation in other content areas 
and the employment of other modes of problem presentation would help 
determine the extent to which visual observation abilities manifest 
inter-task generality. Assessment of these abilities in other areas 
could also aid in the validation of the four observation tasks noted 


above. Of the few available tests that claim to measure visual 
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observation ability (see p. 47) Tannenbaum's (1971) Observation Test 
appears most suitable for use, since this particular test involves 
several different content areas and has established reliability and 
validity. However since this test was recommended for grade seven, 
eight and nine usage only, the test was first administered to a group 
of grade six students (N = 26) to determine whether effective employ- 
ment was possible at this grade level. Data obtained from this 
administration indicated a 48% correct student response, with scores 
Lancing SEromel tots M(Gut Of Haipossible 19) (Ste ’Devn® ‘=-1 £8). These 
results indicated that the test was appropriate for general use at the 
grade six level. Administration of the test to the main sample 
employed in the investigation (N = 138) yielded a KRo0 reliability of 
-39 which compares favourably with the .41 and .42 reliabilities 
obtained by Tannenbaum (1971) with grade seven, eight and nine 


students. 


Suchman Question-Asking Test. This test was used to classify 
the functional types of question asked by Reflectives and Impulsives 
in efforts to gather information pertaining to the problem depicted 
on the film-loop. Following the format prescribed by Suchman (1962), 
questions were deliberately written in a manner promoting Yes or No 
responses. Practice sessions had been conducted prior to administra- 
tion of the main investigation in order to train students in con- 
structing questions of this type. For purposes of the practice 
session, the Suchman film-loop 'Boiling Coffee' was utilized. (See 
Appendix K for a copy of the practice instrument.) The major 


Question-Asking Test utilized the film-loop 'The Knife.' (See 
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Appendix L for a copy of this instrument.) Questions asked were sub- 
sequently classified according to the Suchman guestion types identi- 
fied on page 9. (See Appendix M for specific examples of question 
types as they pertain to the film-loop.) To establish the reliability 
of the Question-Asking Test, one complete class (N = 26) was employed 
not subsequently involved in the main study. This class was shown 
both the ‘Boiling Coffee' loop and 'The Knife' loop and invited to 
ask questions related to each film. Using a parallel-form procedure, 
comparisons of the total number of questions asked with respect to 
both film-loops yielded a reliability of .71. With no published data 
available with which comparisons could be made, this reliability was 
deemed acceptable for purposes of the present investigation. 

Scoring procedure: A Question-asking score was derived from 
the total number of questions asked, one point being allotted each 
question. Specific question-type scores (e.g. Concrete-conceptual 
Question scores, etc.) were derived from the total number of such 
questions asked, one point being awarded per question. As a check on 
the investigator's classification of question types, an independent 
categorization was made by a trained science education doctoral 
student. An investigator-doctoral student scoring agreement of 89.6% 


was achieved. 


Matching Familiar Figures Test. This test was used to classify 
students as reflective or impulsive in disposition, as well as 
classifying those of neither marked disposition. A general descrip- 
tion of the test and the rationale for its inclusion in this study 


has been given on page 29. Two scores derived from the test provided 
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measures of R/I behaviour. A score of ‘response latency' indicated 
the time elapsed before any response is made. The other score indi- 
cated the number of errors made prior to correct response. Students 
scoring above the median on response latency and below the median on 
number of errors were classified as reflectives. Students scoring 
below the median on response latency and above on number of errors 
were Classified ds impulsives. Of the 184 students wtilized in the 
study, 68 were subsequently classified as being reflective in dis- 
position, 70 as being of an impulsive disposition and the rest as 
being of neither a pronounced reflective or impulsive disposition. 
Tfable-Pi provides a distribution ‘of students according to disposition, 


sex and school affiliation. 


Science Achievement Test. Findings from Gupta's (1970) study 
indicated that grade nine Reflectives manifest significantly superior 
performances over Impulsive peers on science achievement tests (see 
p. 34). Since tasks in this investigation assessed performance in 
problem-solving skills associated specifically with science-oriented 
situations, performance on these tasks may be affected by differences 
in knowledge of science content. Hence in subsequent data analysis, 
science knowledge may be statistically controlled. The Stanford 
Achievement Test: Science, intermediate II grades 5.5-6.9 (Form W, 
1964 edition) was used to assess general science knowledge. This 
test places heavy emphasis upon knowledge of scientific facts. The 
areas of physical and earth sciences, and the biological sciences are 
given equal emphasis. Bryan (in Buros, 1965) and Mallinson (in 


Buros, 1972) maintain that this particular standardized test is the 
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TABLE ITI 


MFF CLASSIFICATION OF STUDENTS 


Not Reflective + 


“Reflective Impulsive Not Impulsive 

School a a aa a Ee es School 
Identification M* F* M EF M 1g Total 

1 3 3 4 4 5 6 25 

2 2 2) g 1 S 5 IAS) 

3 3 4 6 6 i 3 Zo 

4 5 3 5 7 iL 5 26 

> 2 5 4 3 2 2 18 

6 6 4 4 2 5 1 Pape 

f | 1 6 9 ih’ 3 0) 30 

8 4 8 1 0 iL At Bs) 


Subtotals 26 42 36 34 23 23 


Totals 68 70 46 184 
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* M = Males 
F Females 
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best available for assessment of science content at the grade five and 
six levels. Authors claim content validity was insured by examination 
of appropriate courses of study and textbooks as a basis for deter- 
mining the types of knowledges to be measured. The authors also 
report split-half (odd-even) reliabilities of .90 (N = approximately 
1,000) and KR reliabilities of .89 (N = approximately 1,000) for the 


20 


test at the grade six level. 


intel lsqences test. 1.0. may be statistically controlled in 
the analysis of data since findings by Michenbaum and Goodman (1969) 
(see p. 33) indicate significant correlations between this variable 
and the R/I dimension. School Cumulative Records supplied I.Q. 
scores obtained from the Canadian Lorge Thorndike I.Q. Test, recently 
administered (February 1976). This test yields a verbal and non-verbal 
1.0. score. Test authors report split-half (odd-even) reliabilities 
of .92 on both verbal and non-verbal batteries (N = approximately 
3,000) and RRO reliabilities. of .93 and <92°0n the verbal and non- 


verbal batteries respectively (N = 259) at the grade five level. 


Reading ability test. Reading ability may be statistically 
controlled in the analysis of data since findings by Gupta (1970) 
(see p. 34) indicate significantly superior performance of Reflectives 
over Impulsives on Reading ability tests. School records supplied 
Reading ability scores obtained from the Stanford Achievement Test: 
Reading Tests, intermediate II, grades 5.5-6.9 (Form W, 1964 edition) 
administered June, 1975. These Reading tests provide a Word Meaning 


score and a Paragraph Meaning score. Test authors claim that validity 
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was ensured by examination of courses of study and textbooks as a 
basis for determining the types of skills, knowledges and under- 
standings to be assessed. Traxler (in Buros, 1972) however considers 
that little solid evidence exists concerning the validities of these 
tests since the exact sources of test words employed in the Word 
Meaning Test and sources giving rise to paragraph classification 

used in the Paragraph Meaning Test were not specified. In spite of 
these shortcomings, Traxler’ (in Buros, 1972) claims these tests are 
among the best available for annual assessment of reading achievement 
at the elementary school level. Authors report split-half (odd-even) 
reliabilities of .89 and .92 for the Word Meaning and Paragraph 
Meaning Tests respectively (N = approximately 1,000), and KR relia- 


20 
bilities of .89 and .92 for the two tests (N = approximately 1,000). 


TESTING PROCEDURES 


All subjects involved in ge eae eee (N = 184) partici- 
pated invall; tasks. To. aid efficiency in task administration and to 
minimize fatigue, students participated in the following three testing 
sessions: 

Session 1: During this session the MFF test was administered 
on an individual basis. Time required for completion was approximately 
ten minutes per pupil. 

Session 2: During this session all guided-discovery and open- 
ended tasks were administered on a group basis. In addition practice 
and main Question-Asking Tests were given on a group basis. Time 


required for completion of this session was approximately sixty 
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minutes. 
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The following list indicates the sequence of administration 


of tasks. This sequence was rigidly adhered to in the eight classes 


investigated in the study. 


i” 


Group, direction given in” constructing questions of a 
form promoting Yes and No responses. | 
baitneioop *Boiting Coffes" shown. Students given 
opportunity to write questions on the form described, 
concerning any data presented on the loop that would 
help explain the depicted problem. 

Students informed that a different TOODe (ine, Knite. } 
would be shown, and asked to watch film for objects and 
events, and to expect questions on what has been seen 
immediately following viewing. 

Film-loop 'The Knife' shown . 

Object Generation Task administration. 

Event Generation Task administration. 

Students informed will watch film again, after which 
they will be given opportunity to write questions about 
data presented on the loop that would help explain the 
problem depicted. 

Film-loop reshown. 

Question-Asking Test administration. 

Film reshown. 

Hypotheses Generation Subtasks administration. 
Film-loop reshown. 


Evaluation of Generated Objects Task administration. 
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14. Evaluation of Generated Events Task administration. 

15. Evaluation of Generated Hypotheses Task administration. 

16. Film-loop reshown. 

17. Object Selection Task administration. 

18. Event Selection Task administration. 

19. Hypothesis Selection Task administration. 

20. Evaluation of Selected Objects Task administration. 

21. Evaluation of Selected Events Task administration. 

22. Evaluation of Selected Hypotheses Task administration. 

As indicated above, the six tasks requiring generation were 
administered before the six tasks requiring selection. Decision to 
utilize this particular order was based upon the following rationale. 
Since selection tasks provide lists of data (i.e. of objects, events, 
hypotheses), memory of these data from participation in such tasks 
would likely influence performance on subsequent generation tasks 
requiring application of similar data. In contrast to the selection 
tasks, generation tasks provide no such data; thus performance on 
these tasks would likely less influence subsequent performance on 
selection tasks. 

Since all Selection and Generation tasks have certain common 
elements .(é.g. involve similar objects,-etc.) .consideration,of, the 
content of one task may benefit performance on a subsequent task. To 
minimize this possible inter-task influence, each task when completed 
was placed out of reach of student access before administration of 


subsequent tasks took place. 


Session 3: During this session the Pearson Hypothesis 
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Formulation Test, Pearson Hypothesis Selection Test, Test of Science 
Processes (Observation), and the Stanford Achievement Test (Science) 
were group administered in the indicated order. Time required for 
completion of this session was approximately sixty minutes. 

To prevent problems of readability of tasks susieyedl efforts 
were made to keep written instructions simple and concise. In addition 


all task instructions were read aloud by the investigator. 
THE MAIN TESTING PROGRAM 


The main testing program was conducted in January and February, 
1976. Administration of the tasks to students involved in each of the 


eight schools used was conducted by the investigator. 
TYPES OF DATA ANALYSIS USED 


To test Hypotheses One to Thirteen, task scores were subjected 
in turn to Stepwise Regression Analysis to determine which, if any, 
of the variables I.Q., Reading Ability, Science Knowledge and Age, 
contributed significantly to the variance of the measure under investi- 
gation. In instances where one or more of the variables made a signif- 
icant contribution, subsequent covariate analysis was performed on 
reflective and impulsive group means using the variable(s) that 
contributed significantly as covariate(s). In instances where no 
variable made significant Ponte ection to the variance, t-Tests were 
subsequently performed between reflective and impulsive group means. 

To test Hypothesis Fourteen, task scores were subjected to 


the Kolmogorov-Smirnov Two Sample Test (for details of the Test see 
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To test Hypotheses Fifteen to Eighteen, task scores were 
subjected to a x7-Test of Independence. In instances where cell 
frequencies were very small (i.e. <5) values for x2 were calculated 
Using Yate*s Correction for Continuity (Ferguson, 1971, p: 188). 

To answer the first Associated Question, inter-task corre- 
lations between reflective and impulsive groups were compared, and 
Fisher's Z transformations executed to determine whether differences 
between correlations were significant. 

To answer the second Associated Question, task scores were 
subjected to Factor Analysis and the resultant correlation matrix 
rotated orthogonally according to Varimax criteria. 

To answer the third Associated Question, Factor Scores were 
subjected to statistical procedures similar to those adopted in 


testing Hypotheses One to Thirteen. 
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CHAPTER IV 
RESULTS AND DISCUSSION 
INTRODUCTION 


In this chapter the results obtained from the statistical 
analysis of data are presented and discussed. The chapter is organ- 
ized into three sections. In Section A attention focuses upon those 
hypotheses that are related to performances cf Reflectives and Impul- 
sives on tasks demanding ability in observation, hypothesizing and 
evaluation. Section B deals with those hypotheses relating to 
performance of Reflectives and Impulsives on the Suchman Question- 
asking Test. Section C deals with associated questions relating to 
several of the research hypotheses investigated. 

Statistical calculations were executed on the niversievnee 
Alberta IBM 360/67 computer employing documented programs of the 
Division of Educational Research. Throughout the investigation 
differences between reflective and impulsive group means are con- 


sidered statistically significant at the 0.05 level or less. 
SECTION A 


1. Intercorrelations 


Based on the total sample employed in this study (N = 184) 
a substantial correlation of -.54 was obtained between the two R/I 
variables, Number of Errors and Response Latency. This negative 


correlation accords with values commonly reported by other researchers, 
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ranging from -.4 to -.65 (see Kagan, 1965a, 1965b and 1965c). 

As noted in Chapters II and III, Age, Intellectual ability, 
Reading ability and Science Knowledge have been shown by some 
researchers to correlate significantly with the R/I variables. 
Correlations obtained in this investigation between Age, Non-Verbal 
I.Q., Verbal I.Q., Word Meaning ability, Paragraph Meaning ability, 
Science Knowledge, and Number of Errors and Response Latency are 
shown in Table III. It can be seen that one or both of the R/I 
variables correlated significantly at the .05 level with all 
variables 3-8 except Age. The lack of a significant correlation 
between the R/I variables and Age is not surprising in this instance, 
Since grade six students alone were employed in the study and most of 
the students were of similar age. High positive correlations in the 
range .42 to .80 were manifested between Non-Verbal I.Q., Verbal 1I.Q., 
Word Meaning, Paragraph Meaning, and Science Knowledge. All values 
were significant at the 0.01 level. The existence of substantial 
negative correlations obtained between Age and these variables at 
first appears surprising. However although most students were of 
similar age, some students were twelve months or more older than 
group peers, having been held back from grade advancement at one or 
more junctures during school careers. Low scores manifested by these 
students on tests measuring above-mentioned abilities help to explain 
the negative correlations obtained. 

In view of the noted significant correlations between the two 
R/I variables and Age, Non-Verbal and Verbal Intellectual abilities, 


Word and Paragraph Meaning abilities and Science Knowledge, it would 
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appear expedient at this juncture to control for sampling bias due to 
these variables in subsequent data analysis pertaining to performance 
of reflective and impulsive groups on tasks involved in this investiga- 
tion. Employing the variables as covariates in subsequent data 
analysis would serve to equate reflective and impulsive groups by 
removing bias due to these factors. The appropriateness of employing 
such covariates in subsequent analysis was further examined following 
the calculation of correlations existing between these variables and 
all other variables investigated in this study. Correlation matrices 
are presented in Table IV and Table V. The tables indicate that each 
of the control variables 3-8 manifested significant, though generally 
low, correlations with several of the criterion variables 9-24. In 
some instances all of the variables 3-8 correlated significantly with 
criterion variables (as for example in the case with criterion 23— 
Evaluation of Generated Events). In other instances some of the 
variables correlated significantly with criterion variables (as in 
the case with criterion 19—Object Generation). In still other 
instances none of the variables correlated significantly with criterion 
Variables (as in the case with criterion 18). Further examination of 
the correlation matrices indicates that no one variable from among 
variables 3-8 manifested a greater number of significant correlations 
or higher correlation magnitudes with criterion variables, than did 
any other. These findings indicate that no one variable or combina- 
tion of variables from among control variables 3-8 could serve 
effectively as a general covariate, or as general covariates during 


subsequent criterion analysis. Expressed in different terms, no 
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TABLE V 


CORRELATIONS BETWEEN VARIABLES 16-24 
(REFLECTIVE AND IMPULSIVE GROUPS COMBINED) 


a A 
———$—$— 


Variable 16 17 18 19 20 21 22 23 24 
1. Response Latency -.04 -.08 05 -.05 LO 16 05 14 14 
2. Number of Errors -.06 -00 =.03 OZ a lis} -.12 =15 Ol =isslva © -.10 
3. Age : Sg BENS a PP -02 = 12 =s15 SOS —.18* = 24 * 509, 
4. Non-Verbal 1.Q. SOLS) oes Sl stl], oon -08 a24~* oon -16 
5. Verbal I.Q. acm ~28%* -06 S22" oan -08 20. ee SON sdk! 
6. Word Meaning BS tie oalfst -08 cles pele sy ome 20s ABR a3 
7. Paragraph Meaning silks aie 09 okt ost slfe}-s Sil/ 7265 -20* 
8. Science Knowledge 14 oases OW, 2st ob Syrts al OO eae a Shere: 14 
9. Question-Asking SOU) Oi) S017 Ae ad OO A Syed oh fer ae OZ ae 

Koy Tannenbaum 00 “ll -.04 Ty 34e* ae) ls 31** - iA 
Observation 

J1s Pearson Hyp. Sel. 03 alee ae Lull lll SORE I -14 a5 30% * -16 

12. Pearson Hyp. Form. 06 15 =15(0)// 02 14 _ 02 .07 moEy. SOY 

13. Object Selection 746** Ol 5 LL .08 04 cals) OS -00 sAlal 

14. Event Selection SL5 60** 5 Aad pulls’ OFS) soils eau, -07 - 18* 

15. Hyp. Selection -02 cal ths Sosy oe -05 31917) ~ ital -09 -10 sani 

16. Evaln. of Sel. 1.00 23% 10 17% 12 .07 .18* aD .06 
Objects 

7; Bvaln. of Sel. 1.00 13 12 ry) .09 (21% soils ian 
Events 

Hee syaln. of Sel. 1.00 08 06 Jie aye) Boyt stat 
Hyps. 

19. Object Generation 15 (X6 os 14 FOLze Ae am 14 

20. Event Generation 1.00 16 eon a os 

* aK 

21. Hyp. Generation 1.00 21 oe, Ze 

22. Evaln. of Gen. 1.00 PSC RS Stents 
Objects 

23. Evaln. of Gen. 1.00 14 
Events 

24. Evaln. of Gen. 1.00 
Hypos. 


pe oo rca Senn eects sito AE AR CA OL eR OA ELECT E ALAA A ALELD 


* Denotes significance at 0.05 level. 
** Denotes significance at 0.01 level. 
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variable or group of variables would contribute Significantly to the 
variance of all criterion variables under investigation. Instead it 
appears that different combinations of variables 3-8 would be needed 
to serve as covariates as different criterion variables are subjected 
in turn to analysis. In order to identify which variable, if any, OY 
which group of variables made a significant contribution to variances 
of criterion measures, Stepwise Regression Analysis was performed, 
employing control variables 3-8, on each of the criterion measures in 
turn. In cases where Stepwise Regression Analysis identified one or 
more variables as contributing significantly to the variance of a 
particular measure, analysis of covariance using the identified 
variable(s) as covariate(s) was used whenever reflective and impul- 
Sive group means pertaining to that measure were calculated. 

As noted earlier, Tables IV and V (p. 83 and 84) show the 
correlations obtained between criterion measures 10-24 assessing 
abilities in selecting, generating and evaluating observations and 
hypotheses. Examination of these tables reveals that correlations 
obtained between Selection Tasks (Object Selection, Event Selection 
and Hypothesis Selection) and respective Generation Tasks were low 
and non-significant. Thus the abilities to select and to generate 
objects, events and hypotheses (as measured on tasks employed in this 
investigation) appear essentially unrelated. Knowledge of performance 
on Selection Tasks, for example, provides no information meaningful 
in predicting performance on respective Generation Tasks. In contrast 
to these findings a moderately high correlation (r = .55, significant 


at the 0.01 level) existed between the Pearson Hypothesis Selection 
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Test and the Pearson Hypothesis Formulation (Generation) Test. Since 
the content areas and modes of selection and generation used with the 
two Pearson measures, and with the six Selection and Generation Tasks 
differ greatly, these results would appear to indicate that the degree 
of relationship existing between ability to select, and ability to 
generate hypotheses is determined, at least in part, by the particular 
content area and mode of investigation adopted. 

Tables IV ae V reveal that the correlations between the two 
Selection of Hypotheses tasks, the Hypothesis Selection (variable 15) 
and Pearson Hypothesis Selection measures (variable 11), and between 
the two Generation of Hypotheses tasks, the Hypothesis Generation 
(variable 21) and Pearson Hypothesis Formulation measures (variable 
12) were essentially zero. Furthermore the correlation obtained 
between the two Selection of Objects tasks, the Object Selection 
(variable 13) and Tannenbaum Observation (variable 10) measures were 
also essentially zero. These results indicate that abilities to 
select and to generate hypotheses, and abilities to select objects 
appear to be highly task-specific. Performance on one task, for 
example, appears to be of no use in predicting performance on another. 

Correlations between the three Selection Tasks (variables 13, 
14, 15) were of low order. It is interesting to note that a signifi- 
cant correlation did not exist between ability to Select Objects and 
ability to Select Events (as measured by tasks used in this investi- 
gation). Apparently abilities in these areas are essentially 


unrelated. 


Correlations between the three Generation Tasks (variables 
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uo, 20, 21) were of slightly higher order. -A moderately high corre- 
lation of .47 was obtained between the Object Generation and Event 
Generation Tasks ace einG that a fair degree of commonality 
apparently exists between abilities in these particular areas. 

Correlations obtained between the three Evaluation of Selec- 
tion Tasks (variables 16, 17, 18) and respective Selection Tasks 
(variables 13, 14, 15) were moderately high in magnitude (ranging 
from r = .46 to .60) while correlations between the three Evaluation 
of Generation Tasks (variables 22, 23, 24) and respective Generation 
Tasks (variables 19, 20, 21) were high in magnitude (ranging from 
r= .81 to .86). Since as earlier noted in Chapter III (see p. 57) 
scores obtained on Evaluation of Selection and Generation Tasks are 
in part determined by scores obtained on respective Selection and 
Generation Tasks, relatively high correlations were to be expected. 
Because these correlations may be spuriously high caution should be 
exercised if generalizations based on these intercorrelations are 
contemplated in other areas assessing similar abilities. 

The investigation indicated that students were more effective 
evaluators of observations and hypotheses that had previously been 
generated, than of observations and hypotheses that had previously 
been selected. It is possible that more cognitive effort was required 
in generating observations and hypotheses than in selecting observa- 
tions and hypotheses. Because of this, students were possibly more 
familiar with the components of generated products, than with those 
of selected products. This in turn may explain, at least in part, 


the subsequent more effective evaluation of generated products than 
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of selected products. 


2. Unadjusted Means, Standard Deviations and t-Tests 

To determine if significant differences existed between 
reflective and impulsive groups On variables available as covariates 
(variables 3-8), t-Tests were performed. In addition t-Tests were 
performed on all criterion variables involved in the investigation. 
These t-Tests were executed on unadjusted data to provide bases for 
comparisons of data obtained from subseguent analysis of covariance. 
Table VI provides results of all t-Tests performed. The table 
reveals that reflective group means associated with Non-verbal and 
Verbal intellectual abilities, Word Meaning and Paragraph Meaning 
abilities and Science Knowledge were higher than those associated 
with the impulsive group. In no instance however were differences 
Significant at the 0.05 level. 

Reflective group means associated with criterion variables 
10-24 were, with three exceptions (Tannenbaum Observation Test, 
Evaluation of Selected Objects Tasks and Evaluation of Selected 
Events Task), fogher than those associated with the impulsive 
group. In two instances (Pearson Hypothesis Selection and Pearson 
Hypothesis Formulation Tests) means were significantly higher. In 
the three noted cases where reflective group means were lower than 


impulsive group means, the differences were not significant. 
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3. Research Hypotheses 


Hypothesis One (H,) (As originally stated) : 


There is no significant difference existing between Reflectives' 
and Impulsives' ability in selecting objects. 


Since scores obtained from both the Object Selection Task and 
the Tannenbaum Observation Test were utilized in testing this hypoth- 
esis, Hypothesis One was divided into two parts. Hypothesis 1.1 deals 
_with analysis pertaining to the Object Selection Task and Hypothesis 


1.2 deals with analysis pertaining to the Tannenbaum Observation Test. 


Hypothesis 1.1. To determine which, af any, of the control 
variables Age, Science Knowledge, Non-Verbal 1.Q., Verbal I.9., Word 
Meaning and Paragraph Meaning ability made significant contribution 
to the variance of the Cbject Selection measure, Stepwise Regression 
analysis was performed on these variables using the Object Selection 
measure as criterion. Results of the analysis indicated that no 
wariaple contributed signiticantly to the variance of the measure: 
These results are not surprising since correlations obtained between 
Object Selection scores and scores associated with each of the noted 
variables were essentially zero (see Tables IV, p. 83 and V, p. 84). 
Of the six variables analysed, Non-Verbal I.Q. was the major contribu- 
tor (variance accounted for, 0.62%, F = 0.85, p = 0.36). On the 
basis of these results indicating the lack of significant contribution 
by any of the noted variables, subsequent covariate analysis of Object 


Selection scores appeared inappropriate. 
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Hypothesis 1.1 (restated): 


There is no significant difference between Reflective 
and Impulsive group means on the Object Selection Task. 


To test Hypothesis 1.1 a t-Test was performed on Object 
Selection scores. The results of the analysis are presented in 
Table VII. An examination of the table reveals that the t-Test was 
not significant (p-=_0.37). Therefore the investigation failed to 
reject: Hypothesis isl... It appears that there is no. significant 
difference in ability to select objects as measured by the Object 


Selection Task between reflective and impulsive groups. 


TABLE VII 


t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON 
THE OBJECT SELECTION TASK 


Reflective Impulsive Std Devn: Std. Devn? 
Group Mean Group Mean Ref. Group Imp. Group Df cS p 
4.65 a 36 Sl L9G L36 oO; 90 Os 


Hypothesis 1.2. The classification of the Tannenbaum Observa- 
tion Test as a measure assessing ability in selecting objects (rather 
than as one assessing ability in selecting events) appears justified, 
since according to Tannenbaum (1971) eight of the nine questions 
included on the test deal with the observation of object properties. 
Only one question deals specifically with the observation of events. 
Stepwise Regression analysis was performed to determine which of the 
six noted variables, if any, contributed significantly to the variance 


of the Tannenbaum Observation measure. Major results of this analysis 


are presented in Table VIII. An examination of the table reveals that 
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two variables, Science Knowledge and Non-Verbal I.Q., made significant 
contribution to the variance of the measure, the four remaining vari- 
ables failing to act as significant contributors. On the basis of 
these results subsequent covariate analysis of Tannenbaum Observation 
scores employing Science Knowledge and Non-Verbal I.Q. ‘scores as 


covariates appeared appropriate. 


TABLE VIII 


SIGNIFICANT CONTRIBUTIONS OF VARIABLES WITH THE TANNENBAUM 
OBSERVATION MEASURE AS CRITERION 


Multiple % Variance 
Contributors Regression R Fp Accounted for F p 
x) (Science Knowledge) 0.41 27.46 16.80 20:26, 0.09 
X 1X5 (Non-Verbal I.0Q.) 0.46 18.06 Zed In 33. 0601 


Regression Equation: 


Y = 0.07X, + 0.01x., +0563 


Hypothesis 1.2 (restated) : 


There is no significant difference between reflective and 
impulsive group means on the Tannenbaum Observation Test when 
means are adjusted for performances on the Stanford Achievement 
Test (Science) and on the Lorge-Thorndike Non-Verbal I.Q. Test. 


In order to test Hypothesis 1.2 covariate analysis was 
performed on Tannenbaum Observation scores, using scores associated 
with the two noted Tests aS covariates. Results of the analysis are 


presented in Table IX. Examination of this table reveals that the 


F-Tests for the covariates were highly significant indicating that 


regression coefficients of the covariates were not zero and that 
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TABLE IX 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON THE TANNENBAUM OBSERVATION MEASURE 


Source SS Df MS F p 


Treatment Sos ii 3582 Le Ve 0.19 


Covariate l 


" Sie ORO 
Non=Verbal I.0. 18.06 HE 8.06 See 9) 
CONG ES oie 47.94 1 47.94 21.81 0.00 
Science Know. 
Error 294.54 134 220 


Bartlett Test for Homogeneity of Group Variance: 
Df = 1, y* = 0.02, p = 0.89 
Test for Homogeneity of Regression Coefficients: 


Covariate Il: = LO 2a Dose Ona2 


Ee, 132) 


Covariate 2: F (1,132) = 2.50 as ey OS 


Unadjusted Means Adjusted Means 


Reflective Group 4.10 4.00 


Impulsive Group 4.24 
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adjustments were being made to group means. The table reveals that 
the reflective group mean was adjusted down 0.10 points and the impul- 
sive group mean up 0.10 points. The difference between adjusted means 
was found to be 0.34, which was significant at the 0.19 level. 
Therefore the investigation failed to reject Hypothesis 1.2. It 
appears that there is no significant difference in ability to select 
objects, aS measured by the Tannenbaum Observation Test, between 


reflective and impulsive groups. 


Hypothesis Two (H,) (As Originally stated): 


There is no significant difference existing between 
Reflectives' and Impulsives' ability in selecting events. 


Scores obtained from the Event Selection Task were utilized 
in testing this hypothesis. A Stepwise Regression analysis was per- 
formed to determine which of the variables if any contributed signifi- 
cantly to the variance of the Event Selection measure. Results of 
the analysis indicated that no variable contributed significantly to 
the variance of the measure. This absence of significant contribution 
Ho moO’ SUrpricing cince, as im the case of the Object Selection 
analysis discussed above, correlations obtained between Event Selection 
scores and scores associated with the six variables 3-8 are non- 
significant (see Table IV, p. 83 and Table V, p. 84). Of the variables 
analysed, Word Meaning ability was the major contributor (variance 
accounted for, 2.53%, F = 3.53, p = 0.07). With the lack of signifi- 
cant contribution by any of the variables, subsequent Ove aes 


analysis of Event Selection scores appeared inappropriate. 
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Hypothesis H, (Restated) : 


There is no significant difference between reflective 
and impulsive group means on the Event Selection Task. 


To test H, a t-Test was performed on Event Selection scores. 
The results of the analysis are provided in Table X. Examination of 
this table indicates that the t-Test was not significant (p = 0.90). 


Therefore the investigation failed to reject H It appears that 


De 
Bhere is no significant difference in ability to select events, 


as measured by the Event Selection Task, between reflective and 


impulsive groups. 


TABLE X. 


t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON 
THE EVENT SELECTION TASK 


ee EEE ——— 


Reflective Impulsive Std. Devn. Std. Devn. 
Group Mean Group Mean Ref. Group Imp. Group Df c Pp 
509 5a 2 TPe8i 1.64 136 =0.13°°0.90 


Hypothesis Three (H,) (As originally stated): 


There is no significant difference existing between 
Reflectives' and Impulsives' ability in selecting hypotheses. 


Since scores obtained from two measures, the Hypothesis 
Selection Task and the Pearson Hypothesis Selection Test, were employed 


in testing H the hypothesis was divided into two parts. Hypothesis 


Bi 
3.1 deals with analysis pertaining to the Hypothesis Selection Task 


and Hypothesis 3.2 deals with analysis pertaining to the Pearson 


Hypothesis Selection Test. 


95 


\ i i f t C 
{ ; ‘ 
to f 
t i 
om 
i i 
aT ? Abe 
\ i aan , 
i . ¢ 
\ " 7 ee 
wg 
1 f i 
I 
Ps A 5 yy ; , 
i 
ay \ + 
: : Wy. oes 9 “ 
\ f ae Me os 
Sy aed aiY Ay ; 
~ - 5 ~ «. , - 
nae ‘ 
Ly an 1 , 
" : : 
ty 7 
pei r i> 
i « . 
» a 
4 HN } 
4 a) 7 
¥ } ) *« ’ 
”~ ° 
y fod : 
¥ v Ne 
e 
* Ay A 
* F im 
r o “ : . Ora Ts 
psy cy 
i. yp tiaber ‘ 
he ae Ra: 
Yel i ! Ah Va ee 
a 
U 
\ 
bp o a] 
i 
‘ 
i 
, 
~~ 
Nae 
| 
al 
i 
y var 
ae as 
2 eer ‘ Q 
a pal : iy 
i 4 ey ad 
ae ty at ‘ 
5 4 ae 
areas 
1a 
* 
' Yee A 
“ adi 
i} 7 ‘ mt 5 
H U fi : PP ae At Ne - a 
a it A) Ais ut ian Game ‘ 
ides eee 
{ Atsty |! oe pay’ ie I. 
: on SA iy : hadi ronal 
7 ie | r atl ee ‘te aoe ee i 7 
Pe Red he a: are ‘ ig) ree Se Ls 
Mdastsrartl eet WSL GLE ick ae am 


Hypothesis 3.1. Stepwise Regression analysis was performed 
eo determine which Of the ‘six control variables, if any, contributed 
significantly to the variance of the Hypothesis Selection measure. 
Results of the analysis indicated that no variable contributed 
Significantly to the variance. As in the cases of the Object Selection 
and Event Selection Tasks, absence of significant contribution was 
expected Since correlations between Hypothesis Selection scores and 
those associated with all six variables were essentially zero (see 
Rabiew iV, sp. Cs and Table V, p..84). (Among ‘the wariables, Science 
Knowledge was the major contributor (variance accounted for, 0.583, 
F = 0.79, p = 0.38). In view of these results, subsequent covariate 


analysis appeared inappropriate. 


Hypothesis 3.1 (Restated): 


There is no significant difference between reflective 
and impulsive group means on the Hypothesis Selection Task. 


To test H l a t-Test was executed on Hypothesis Selection 


scores. The results of the analysis are presented in Table XI. 


TABLE XI 


t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON 
THE HYPOTHESIS SELECTION TASK 


See a a ea RS REM Se SS LE a EE SPI I IPE OS ST ORS TET SEN eS a EES SET 


Reflective Impulsive Std. Devn. Std .-Devn. 

Group Mean Group Mean Ref. Group Imp. Group DE de Pp 
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UAE, 6.91 2200 2.51 136 Ov 3s Ort 
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The table reveals that the t-Test was not significant (p ="0-7D)™ 


Therefore the investigation failed to reject Hypothesis 3.1. It 
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seems that there is no significant difference in ability to select 
hypotheses as measured by the Hypothesis Selection Task between reflec- 


tive and impulsive groups. 


Hypothesis 3.2. Stepwise Regression analysis was performed 
to determine which of the control variables, if any, contributed 
significantly to the variance of the Pearson Hypothesis Selection 
Test. Major results of this analysis are presented in Table XII. 

An examination of this Table shows that three variables, Science 
Knowledge, Non-Verbal I.Q., and Verbal I.Q., made significant con- 
tribution to the variance of the measure, the other three variables 
failing to contribute significantly. On the basis of these findings, 
subsequent covariate analysis appeared appropriate. It is interesting 
to note that Verbal 1.9. (variable X,) in contrast to Non-Verbal I.Q. 
(variable Xo) acted as a suppressor variable (see the Regression 


Equation, Table XII). 


TABLE XII 


SIGNIFICANT CONTRIBUTIONS OF VARIABLES WITH THE PEARSON 
HYPOTHESIS SELECTION MEASURE AS CRITERION 


A 


Multiple % Variance 
Contributors Regression R FR Accounted for F Pp 
fee ee SS ee 
x) (Science Knowledge) 0.25 9.21 6.34 9,21 °0.00 
XX, (Non-Verbal I.Q.) G2 32 7.44 9-93 537 4On Oz 
meas (Verbal I.Q.) 0.40 S73 LGsso LO.229) O00 


Regression Equation: 
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Hypothesis 3.2 (Restated): 


There is no significant difference between reflective 
and impulsive group means on the Pearson Hypothesis Selection 
Test when means are adjusted for performances on the Stanford 
Achievement Test (Science) and on the Lorge Thorndike Non-Verbal 
and Verbal I.Q. 

To test H 2 covariate analysis was performed on Pearson 
Hypothesis Selection scores using scores associated with the noted 
tests as covariates. Results of the analysis are presented in 
Table XIII. This table reveals that F-Tests for covariates were 
highly significant indicating that regression coefficients of the 
covariates were not zero and that adjustments were being made to group 
means. The table reveals that the reflective group mean was adjusted 
down 0.24 points and the impulsive group mean up 0.24 points. The 
difference between adjusted means was found to be 0.77, which was 


significant at the 0.16 level. Therefore the investigation failed to 


reject H It seems that there is no significant difference in 


Sno 
ability to select hypotheses, as measured by the Pearson Hypothesis 
Selection Test, between reflective and impulsive groups. 

it is,interesting tomote that a t-Test performed on the 
unadjusted data was significant at the 0.03 level (see Table VI, 


p. 89). Once selection bias was removed by employment of covariates 


the significant difference between reflective and impulsive group 


means failed to persist. 


Hypothesis Four (H,) (As originally stated): 


There is no significant difference existing between 
Reflectives' and Impulsives' ability in evaluating selected 


objects. 


Scores obtained on the Evaluation of Selected Objects Task 
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TABLE XIII 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON THE PEARSON HYPOTHESIS SELECTION TEST 


aaa TS Rn a AS DRS EST 
“laisse ne nec nei ci” 
Treatment 19.94 1 19.94 1.96 0.16 
ae 38 432 ut 138532 13559 0.00 
eres oa L 94.23 9.26 0.00 
en PIES t 93.63 9.20 0.00 
Error 1353\2.34 isis LO.18 


Bartlett Test for Homogeneity of Group Variance: 
Df = 1, x2 = 0.069, p = 0.79 


Test for Homogeneity of Regression Coefficients: 


i : = 0. = Oe oS / 
Covariate 1: E130) S1Si5 18) 
i : = 0.87, =i OSS 
Covariate 2: eae) Pp 
Covariate 3: F (1,130) =i 697 epr=-0-20 
Unadjusted Means Adjusted Means 


Reflective Group 


Impulsive Group 13.00 P3326 
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were utilized in testing this hypothesis. Stepwise Regression analysis 
was conducted using the Evaluation of Selected Objects measure as 
criterion. ~Major results of the analysis are presented in Table XIV. 
An examination of the table reveals that the variable Age made signifi- 
cant contribution to the variance of the measure. Subsequent covariate 
analysis of Evaluation of Selected Objects scores, uSing Age as 


covariate, appeared desirable. 


TABLE XIV 


SIGNIFICANT CONTRIBUTION OF AGE WITH THE EVALUATION OF 
SELECTED OBJECTS MEASURE AS CRITERION 


Multiple % Variance 
Contributor Regression R Accounted for F 2) 
X, (Age) O23 5.30 URE 0.01 


Be 
Regression Equation: 


Yes 0.07X, ee ato 


Hypothesis H, (Restated) ; 
Ce 


There is no significant difference between reflective and 
impulsive group means on the Evaluation of Selected Objects 
Task, when means were adjusted for age. 


LO test H. covariate analysis was performed on Evaluation 


of Selected Objects scores using Age as covariate. Results of the 


analysis are provided in Table XV. This table reveals that the 


F-Test for the covariate was highly significant indicating that the 


regression coefficient of the covariate was not zero, and that an 


adjustment was being made to group means. The table reveals that 


the reflective group mean was adjusted down 0.01 point and the 
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TABLE XV 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON THE EVALUATION OF SELECTED OBJECTS TASK 


Source i 5S Df MS F io) 
Treatment 002 i: 0.02 OFOT 0223 
Covariate: Age PRN SSY ES 1 21556 7258 0.02 
Error Sick Fess 135 2.84 


Bartlett Test for Homogeneity of Group Variance: 


Df = 1, x* = 0.58, p = 0.45 


Test for Homogeneity of Regression Coefficient: 


= 0.20, = 0.66 
F (1,134) E 
Unadjusted Means Adjusted Means 
Reflective Group 2208 Dee 
Impulsive Group 2.94 Pays )is) 
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impulsive group mean up 0.01 point. The difference between adjusted 
group Meee was found to'‘be 0.03, significant at the 0.93 level. 
Therefore the investigation failed to reject Hy: It appears that 
there is no significant difference in ability to evaluate selected 
objects, as measured by the Evaluation of Selected Objects Task, 


between reflective and impulsive groups. 


Hypothesis Five (H_) (As originally stated): 

There is no significant difference existing between 
Reflectives' and Impulsives' ability in evaluating selected 
events. 

Scores obtained on the Evaluation of Selected Events Task were 
used in testing this hypothesis. eoeee Regression analysis was 
conducted using Evaluation of Selected Events measure as criterion. 
Major results of the analysis are presented in Table XVI. The 
table indicates that Science Knowledge contributed significantly to 
the variance of the measure, the other five variables failing to 
contribute significantly. Subsequent covariate analysis of Evaluation 
of Selected Events scores, using Science Knowledge as covariate, 


appeared appropriate. 


TABLE XVI 


SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE 
WITH THE EVALUATION OF SELECTED EVENTS MEASURE AS CRITERION 
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Hypothesis H, (Restated) : 


There is no significant difference between reflective and 
impulsive group means on the Evaluation of Selected Events 
Task, when means are adjusted for performance on the Stanford 
Achievement Test (Science). 

To test H. covariate analysis was performed on Evaluation of 
Selected Events scores, using scores associated with the Science 
Knowledge test as covariate. Results of the analysis are provided 
in Table XVII. The table reveals that the F-Test for this covariate 
was highly significant, indicating that the regression coefficient of 
the covariate was not zero and an adjustment was being made to group 
means. The table indicates that the reflective group mean was 
adjusted down 0.03 points and the impulsive group mean up 0.03 points. 
The difference between adjusted group means was found to be 0.18, 
Significant at the 0.45 level. Therefore the investigation failed 
to reject He - There is no significant. difference in ability to 


evaluate selected events, as measured by the Evaluation of Selected 


Events Task, between reflective and impulsive groups. 


Hypothesis Six (H.) (As originally stated): 


There is no significant difference existing between 
Reflectives' and Impulsives' ability in evaluating selected 


hypotheses. 


Scores obtained from the Evaluation of Selected Hypotheses 
Task were used in testing this hypothesis. Results of Stepwise 
Regression analysis indicated that no variable contributed signifi- 
cantly to the variance of the Evaluation of Selected eh eks Bez 
Measure. As an the case of the Hypothesis Selection Task, this 


finding was not surprising since correlations between the Evaluation 
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TABLE XVII 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON THE EVALUATION OF SELECTED EVENTS TASK 


Source ss Df MS F Pp 
Treatment I 14 if Ie I! O57 0.45 
a 18.94 1 18.94 9.44 0.00 


Science Knowledge 


Error 27165 IL SS 20 


Bartlett Test for Homogeneity of Group Variance: 


pf = 1, x2 = 0.01, p = 0.97 


Test for Homogeneity of Regression Coefficient: 


= 0.02 = 0.91 
Jae Hes 
Unadjusted Means Adjusted Means 
Reflective Group PRE As! 2615 
Impulsive Group 2.90 2.93 
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of Selected Hypotheses scores and those associated with all six 
variables were essentially zero (see Table IV, p. 83 and Table V, 
p. 84). Of the six variables, Science Knowledge was the major con- 
tributor (variance accounted for, 0.52%, F = OW 7L 3 pe =450:540)7. On 
the basis of these findings subsequent covariate analysis did not 


seem appropriate. 


Hypothesis H. (Restated): 
a —O 


There is no significant difference between reflective 

and impulsive group means on the Evaluation of Selected 
Hypotheses Task. 

To test this hypothesis a t-Test was conducted on Evaluation 
of Selected Hypotheses scores. Results of the analysis are given in 
Table XVIII. The table reveals that the t-Test was not significant 
(p = 0.85). Therefore the investigation failed to reject He - det: 
appears that there is no significant difference in ability to 


evaluate selected hypotheses, as measured by the Evaluation of 


Selected Hypotheses Task, between reflective and impulsive groups. 


TABLE XVIII 


t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON THE 
EVALUATION OF SELECTED HYPOTHESES TASK 


ee aS TT AE AIT EEE TT PT ENE L EEE II ATR 


Reflective Impulsive Std 3 Deyn Std. Devn. 

Group Mean Group Mean Ref. Group Imp. Group Df 3 Pp 

ee eee eae ee ee 
2.05 2.59 1.84 1.86 136 See ES) 0.85 
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Comments Pertaining to Hypotheses One to Six 


Hypotheses One, Two and Three dealt with the ability of 


Reflectives and Impulsives to select objects, events and hypotheses. 
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Although Reflectives performed superiorly to Impulsives on most of 
the tasks involved, in no instance was performance superiority 
Statistically significant. It appears the reflective and impulsive 
students performed about as well on tasks measuring abilities in 
selecting objects, events and hypotheses used in this investigation. 
In cases where covariate analysis was Seles ee (with the Tannenbaum 


Observation and Pearson Hypothesis Selection measures) both Science 


. Knowledge and Non-Verbal intellectual ability made major significant 


contributions to the variance of respective measures. These findings 


indicate that ability to select objects and hypotheses (as measured 


by these tests) is in part a function of Science Knowledge and Non- 


Verbal intellectual ability. The absence of significant contribution 


to the variance of the Object Selection, Event Selection and Hypothesis 


Selection measures indicates that ability to select objects, events 


and hypotheses (as measured by these Tasks) is essentially independent 
of Science Knowledge and Non-Verbal Intellectual ability. It appears 


from these findings that the two tests measuring ability in selecting 


objects, and the two tests measuring ability in selecting hypotheses, 
demanded markedly different types of cognitive activity on the part 
of students involved. This suggestion is further supported by the 
fact that essentially zero correlations were found to exist between 


Fg FE Tok Nate tect Selectioi 
the Tannenbaum Observation Test scores and the Object Selection 


con wyvoor sis Select! scores 
seoreéG; il asowelleas) betweeen’ the Pearson Hypothesis Selection) scores 


‘ a n Esens WN " 2 5] a 
and Hypothesis Selection scores (see Table IV, p. 83 and Table V, 


p. 84). These differences in cognitive requirement May arise, av 


ere evident differences in content areas 
least in part, as a result of evident differences in co t.2 ; 
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and in modes of content presentation associated with the different 
tasks. 

Hypotheses Four, Five and Six dealt with the ability of 
Reflectives and Impulsives to evaluate selected objects, events and 
hypotheses. In all instances reflective and impulsive students 
performed about as well on tasks measuring these abilities used in 
this investigation. Only in the case of the Evaluation of Selected 
Events Task was there evidence that Science Knowledge played a 


Significant role in ability to evaluate selections made. 


Hypothesis Seven (Ho) (As Originally stated): 


There is no Significant difference existing between 
Reflectives' and Impulsives' ability in generating objects. 


Scores from the Object Generation Task were utilized to test 
this hypothesis. Stepwise Regression analysis was performed using 
the Object Generation measure as criterion. Major results of the 
analysis are presented in Table XIX. The table reveals that Science 


Knowledge was the only variable contributing significantly to the 


TABLE XIX 


SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE WITH 
THE OBJECT GENERATION MEASURE AS CRITERION 


Bee es ee EE 
SS 


Multiple % Variance = # 
Contributor Regression R Accounted for 
sez seat el a ie Aa AS Se se tL Se. SA Pee ais: sa SE 
X, (Science Know.) On2G 5.43 7.80 OF01 


2 
Regression Equation: 
Y= 0.06X, + 4.98 
a 
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variance of the measure. Hence subsequent covariate analysis, using 


Science Knowledge as covariate, appeared appropriate. 


Hypothesis H_ (Restated) : 


There is no significant difference between reflective and 
impulsive group means on the Object Generation Task when means 
are adjusted for performance on the Stanford Achievement Test 
(Science). 

To..test H covariate analysis was performed on Object Genera- 
tion scores using scores from the Science Knowledge Test as covariate. 
Results of the analysis are provided in Table XX. The table shows 
that the F-Test for the covariate was highly significant, indicating 
that the regression coefficient of the covariate was not zero and 
that an adjustment was being made to group means. The table also 
shows that the reflective group mean was adjusted down 0.03 points 
and the impulsive group mean up 0.03 points. The difference between 
adjusted group means was found to be 0.07, significant at the 0.86 
levels)’ Therefore ‘the investigation failed to reject Ho. There 


appears to be no significant difference in ability to generate 


objects, as measured by the Object Generation Task, between reflective 


and impulsive groups. 


Hypothesis Eight (a) WAS originally stated): 
ae ee aes 


There is no significant difference existing between 
Reflectives' and Impulsives' ability in generating events. 


Scores obtained from the Event Generation Task were employed 


to test this hypothesis. Stepwise Regression analysis was performed 


: : 4 : £ 
using the Event Generation measure as criterion. Major results o 


the analysis are presented in Table XXI. The table reveals: that 
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TABLE XX 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON THE OBJECT GENERATION TASK 


Source SS DE MS F Pp 
Treatment Osis dt OrLs 0303 0.86 
Covariate: 

5 28. 7, 30 202 
Science Knowledge cepa i he : Ne 
Error 530.52 w35 3793 


Bartlett Test for Homogeneity of Group Variance: 
DE .=..1 -exX> =00.495..p. 20248 
Test for Homogeneity of Regression Coefficient: 


Boe S027 
F(1,134) 1 PB 


Unadjusted Means Adjusted Means 


Reflective Group 6.82 


Impulsive Group 6.09 
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again Science Knowledge was the only variable contributing signifi- 
cantly to the variance of the measure. Subsequent covariate analysis, 


using Science Knowledge as covariate appeared appropriate. 


TABLE XXI 


SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE 
WITH THE EVENT GENERATION MEASURE AS CRITERION 


a SR Ion aoe pes ong ge TE Eg 


Multiple % Variance 
Contributor Regression R Accounted for F p 
X, (Science Knowledge) 0.43 18.47 30.8 0.00 


i 
Regression Equation: 


Y= 0-09X, + 2:68 


Hypothesis H, (Restated): 
AB 


There is no significant difference between reflective and 
impulsive group means on the Event Generation Task, when means 
are adjusted for performance on the Stanford Achievement Test 


(Science). 

To test H_ covariate analysis was performed on Event Genera- 
tion scores, using scores of the Science Knowledge Test as covariate. 
Results of the analysis are given in Table XXIT. The table indicates 
that the F-Test was highly significant for this covariate, indicating 
that the regression coefficient of the covariate was not zero and 
an adjustment was indeed being made to group means. The Table also 


indicates that the reflective group mean was adjusted down 0.07 points 


and the impulsive group mean up 0.07 points. The difference between 


adjusted means was found to be equal to 0.13, significant at the 0.62 


level. Therefore the investigation failed to reject He: There is no 
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TABLE XXII 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON THE EVENT GENERATION TASK 


Source SS DE MS F Pp 
Treatment 0.66 1 0.66 On25 0.62 
Se ae 78.86 1 78.86 28.9 0.00 


Science Knowledge 


Error 358.56 s5 2.66 


Bartlett Test for Homogeneity of Group Variance: 


Test for Homogeneity of Regression Coefficient: 


= 0.01, = 0.99 
Ee) p 
Unadjusted Means Adjusted Means 
Reflective Group Dien e 5.64 
Impulsive Group 5.44 Se yey | 
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Significant difference in ability to generate events as measured by 


the Event Generation Task between reflective and impulsive groups. 


Hypothesis Nine (H,) (As originally stated) : 
oe 


There is no significant difference between Reflectives' 
and Impulsives' ability in generating hypotheses. 


Since scores obtained from two measures, the Hypothesis 
Generation Task and the Pearson Hypothesis Formulation Test, were 
used to test Ho: the hypothesis was divided into two parts. Hypothesis 
9.1 deals with analysis pertaining to the Hypothesis Generation Task 
and Hypothesis 9.2 deals with analysis pertaining to the Pearson 


Hypothesis Formulation Test. 


Hypothesis 9.1. Stepwise Regression analysis was performed 
using the Hypothesis Generation Task as criterion. Results of the 
analysis indicated that no variable contributed significantly to the 
variance. Again this finding is expected since correlations between 
the Hypothesis Generation scores, and those of the six control vari- 
ables, were all of non-significant magnitude. Among the variables, 
Science Knowledge was the major contributor (variance accounted for, 


124%, or oe ll ep -=-0..19) . minaview ofthese findings, subsequent 


covariate analysis appeared inappropriate. 


Hypothesis 9.1 (Restated): 


There is no significant difference between reflective 
and impulsive group means on the Hypothesis Generation Task. 


To ctest H a t-Test was executed on Hypothesis Generation 
On. 


scores. The results of the analysis are given in Table XXIII. The 


faplalreveateuthat the t-Test was not significant (p = 0-10). 
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Therefore the investigation failed to reject H It appears that 


Ale 
there is no significant difference in ability to generate hypotheses, 


as measured by the Hypothesis Generation Task, between reflective and 


impulsive groups. 


TABLE XXIII 


t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON 
THE HYPOTHESIS GENERATION TASK 


Reflective Impulsive Std. (Devn. Ste. Devn. 
Group Mean Group Mean Ref. Group Imp. Group Df c 2) 
S429 4.99 B20 0-99 136 1.65. =0.10 


Hypothesis 9.2. Stepwise Regression analysis was performed 
to determine which of the six control variables, if any, contributed 
significantly to the variance of the Pearson Hypothesis Formulation 


Measure. Major results of the analysis are presented in Table XXIV. 


TABLE XXIV 


SIGNIFICANT CONTRIBUTIONS OF VARIABLES WITH THE PEARSON 
HYPOTHESIS FORMULATION MEASURE AS CRITERION 


Multiple % Variance 
Contributors Regression R FR Accounted for  F Pp 
X, (Science Knowledge) 0.38 23.46 14 et ek 100 
ads (Non-Verbal 1.9.) 0.43 thes 18.82 6nG aimed aol 
Be inte (Verbal I.Q.) 0.47 HAA eES. 212.66 4.85 4e0 40:3 
XX XX, (Paragr. Mning.) 0.50 151644 25.43 6570 OL 


Regression Equation: 


E SEO R0OX. +010 eee 
¥ = 0.12X, + 0.11X, - 0,09X, 
Percreese Geers 
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An examination of the table shows that four of the six control vari- 
ables, Science Knowledge, Non-Verbal I.Q., Verbal I.Q., and Paragraph 
Meaning ability made significant contributions to the variance of the 
measure. On the basis of these findings subsequent covariate analysis 
of Pearson Hypothesis Formulation scores appeared appropriate. It is 
aoceresting ito note thatyVerbal IvO. (variable X,) invcontrast eto 


Non-Verbal 1.0. (variable X,) acted as a suppressor variable (see the 


Regression Equation, Table XXIV). 


Hypothesis 9.2 (Restated): 

There is no significant difference between reflective 
and impulsive group means on the Pearson Hypothesis Formulation 
Test, when means are adjusted for performance on the Stanford 
Achievement Test (Science and Paragraph Meaning sections) and 
on the Lorge Thorndike Non-Verbal and Verbal 1.0. Batteries. 

To test Ho 5 covariate analysis was performed on Pearson 
Hypothesis Formulation scores using scores associated with the four 
noted variables as covariates. Results of the analysis are presented 
in Table XXV. This table reveals that. the F-Tests for each of the 
covariates were highly significant, indicating that regression 
coefficients of the covariates were not zero and that adjustments 
were being made to group means. The table also reveals that the 
reflective group mean was adjusted down 0.37 points and the impulsive 
group mean up 0.37 points. The difference between adjusted group 


means was found to be 1.42, significant at the 0.04 level. Therefore 


the investigation rejected H It appears that there is a*signifi- 


922% 
cant difference in ability to generate hypotheses, as measuréd by 


the Pearson Hypothesis Formulation Test, between reflective and 


impulsive groups. 
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TABLE XXV 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON THE PEARSON HYPOTHESIS FORMULATION TEST 


Source SS Df MS F p 
Treatment 67.05 li 67.05 aed: 0.04 
Covariate 1: . 

HEED. PONE Ue Hee) i TIS20 4.74 O03 
Covariate 2: 

Non-verbal I.0. ESI s9 i POOn So MONS 2 0.00 
Covariate 3: 

Verbal 1.0. Hee 3 2 it LS 2 6.83 OF OL 
Covariate 4: 105.39 1 105.39 6.47 O20 
Paragraph Meaning ) 

Error 2551.02 T32 16230 


Bartlett Test for Homogeneity of Group Variance: 
DE = 1,.x° = 0664,,p = 0.42 
Test for Homogeneity of Regression Coefficients: 


Covariate 1: = OO ee LO 


Ee) 


Covariate 2: = Oe Op stem <00 


Paeiog) 


i : eS IL 0ul - =) 1064 
Covariate 3: Ele) Pp 


i : = 0.94, =10.33 
Covariate 4: Ghee Pp 
Unadjusted Mean Adjusted Mean 
Reflective Group geet) JES Bate 
Impulsive Group Oia OO" 


Ne 


Hypothesis Ten (Ho). (As Originally stated): 


There is no significant difference existing between 
Reflectives' and Impulsives' ability in evaluating generated 
objects. 

Scores obtained from the Evaluation of Generated Objects were 
utilized in testing this hypothesis. Stepwise Regression analysis 
was performed using the Evaluation of Generated Objects measure as 
criterion. Major results of the analysis are presented in Table XXVI. 
The table reveals inet? Science Knowledge was the only variable con- 
tributing significantly to the variance of the measure. Hence sub- 


sequent covariate analysis employing Science Knowledge as covariate 


appeared appropriate. 


TABLE XXVI 


SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE WITH 
THE EVALUATION OF GENERATED OBJECTS MEASURE AS CRITERION 


Multiple % Variance 
Contribute, Regression R Accounted for F Pp 
X, (Science Know.) Orzo Seis: 8.88 0.00 


i 


Regression Equation: 


Y= 0.06X, fae la 


Hypothesis Ho (Restated) : 


There is no significant difference between reflective and 
impulsive group means on the Evaluation of Generated Objects 
Task, when means are adjusted for performance on the Stanford 


Achievement Test (Science). 


To test. H 0 covariate analysis was performed on Evaluation 
2 


of Generated Objects scores using scores from the Science knowledge 


116 


" 
i ‘ r 
\ 
f i“ 
“ a 
7 ¥ b- a h 
f Lage h | 1 , ) 
‘ w ; 
; ‘ 
‘ 4 ya 
wt 
7 a rye os 
f esas ' * 
\ a ak pa 
a or Pore : 
Ag mt ™ Pie 
4 
r 
oe a 
+ 
* 


a ae Dy ly Z a 
ih ba 7 iotinced ras 


test as covariate. Results of the analysis are provided in Table 
XXVII. The table reveals that the F-Test for the covariate was 
highly significant indicating that the regression coefficient for 
this covariate was not zero, and that an adjustment was being made 
to group means. The table further reveals that the reflective group 
mean was adjusted down 0.04 points and the impulsive group mean up 
0.04 points. The difference between adjusted group means was found 
tonbe,0.30, er ieie at. at the 0.39 level. Therefore the investiga- 


tion failed to reject H It appears that there is no significant 


Los 
difference in ability to evaluate generated objects, as measured by 


the Evaluation of Generated Objects Task, between reflective and 


impulsive groups. 


Hypothesis Eleven (H 4) (As originally stated): 


There is no significant difference in Reflectives' and 
Impulsives' ability in Evaluating Generated Events. 


Scores from the Evaluation of Generated Events Task were 
used to measure this hypothesis. Stepwise Regression analysis was 
performed, using the Evaluation of Generated Events measure as 
eriterion.. Major results of the analysis are presented in Table 
XXVIII. The table reveals that Science Knowledge was the only vari- 
able which made a significant contribution to the variance. Hence 
subsequent covariate analysis, employing this variable as covariate, 


appeared appropriate. 


Hypothesis H (Restated) : 


ae 


There is no significant difference between reflective and 
impulsive group means on the Evaluation of Generated Events 
Task, when means are adjusted for performance on the Stanford 
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TABLE XXVII 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON THE EVALUATION OF GENERATED OBJECTS TASK 


Source ss Df MS F 2) 
Treatment 3.04 iL Se04 Onv4 Oms9 
Soe oe: B28Go 7 ay 8.14 0.01 


Science Knowledge 


Error SS 6 SS £35 ASSINS 


Bartlett Test for Homogeneity of Group Variance: 
Df = 1, ¥° = 0.25;.p = 0.62 
Test for Homogeneity of Regression Coefficient: 


= OAL ONS 
aisucrape. ee 


Unadjusted Means Adjusted Means 


Reflective Group 4.31 4.27 


Impulsive Group Boos S207, 
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TABLE XXVIII 


SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE WITH 
THE EVALUATION OF GENERATED EVENTS MEASURE AS CRITERION 


Multiple % Variance 
Contributor Regression R Accounted for F p 
X, (Science Know.) 0.36 13.08 20453 0200 


a. 


Regression Equation: 


Y= 0.08x, + 2.04 


Lig 


fh ae 
i i oe Ar) 
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Achievement Test (Science). 

To test Hg covariate analysis was performed on Evaluation 
of Generated Events scores, using scores from the Science Test as 
a covariate. Results of the analysis are provided in Table XXIX. 
The table reveals that the F-Test for the Science Knowledge covariate 
was highly significant, indicating that the regression coefficient 
for the covariate was not zero and that an adjustment was being made 
to group enh. The table indicates that the reflective group 
mean was adjusted down 0.06 points and the impulsive group mean up 
0.06 points. The difference between adjusted group means was found 
to be 0.29, significant at the 0.32 level. Therefore the investiga- 


tion failed to reject H There is no significant difference in 


ie 
ability to evaluate generated events, as measured by the Evaluation 


of Generated Events Task, between reflective and impulsive groups. 


Hypothesis Twelve (H,.) (As originally stated): 


There is no significant difference in Reflectives' and 
Impulsives' ability in evaluating generated hypotheses. 


Scores obtained from the Evaluation of Generated Hypotheses 
Task were employed to test this hypothesis. Stepwise Regression 
analysis was performed using the Evaluation of Generated Hypotheses 
measure as criterion. Results of the analysis indicated that no 
variable made significant contribution to the variance of the measure. 
Among the variables, Science Knowledge was the major contributor 
(variance accounted for, 1.95%, F = 2.70, p = 0.10). The fact that 
no variable made significant contribution to the variance of the 


measure is not surprising since correlations between scores associated 
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TABLE XXIX 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON THE EVALUATION OF GENERATED EVENTS TASK 


Source Ss Df MS F i?) 


Treatment S504 AL S04 0.98 OFsSZ 
oleae 60.91 1 60.91 We Ne 0.00 


Science Knowledge 


BY Yor 420.40 135 a ei lb 


Bartlett Test for Homogeneity of Group Variance: 
DE = (ly xo 0400p = 40n9 


Test for Homogeneity of Regression Coefficient: 


= 0.06 = 0.80 
crea et 
Unadjusted Means Adjusted Means 
Reflective Group 3200 S275 
Impulsive Group 3.40 3.46 
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with the measure and those of the six variables were very low in 


magnitude (see Table IV, p. 83 and Table V, p2464),. sin :-vireweofsthese 


findings subsequent covariate analysis appeared inappropriate. 


Hypothesis Ha (Restated) : 


There is no significant difference between reflective and 
impulsive group means on the Evaluation of Generated Hypotheses 
Task. 

Tor test Hi5 a t-Test was performed on the Evaluation of 

Generated Hypotheses scores. The results of the analysis are given 
in Table XXX. The table indicates that the t-Test was not significant 
(p = 0.16). Therefore the investigation failed to reject Hi: ae 
appears that there is no significant difference in ability to evaluate 


generated hypotheses, as measured by the Evaluation of Generated 


Hypotheses measure, between reflective and impulsive groups. 


TABLE XXX 


t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON THE 
EVALUATION OF GENERATED HYPOTHESES TASK 


Reflective Impulsive Std. Devn. Std. Devn; 
Group Mean Group Mean Ref. Group Imp. Group Df t 2) 


4.91 4.62 eco LO) 136 1406 


Comments Pertaining to Hypotheses Seven to Twelve 


Hypotheses Seven, Eight and Nine dealt with the ability of 
Reflectives and Impulsives to generate objects, events and hypotheses. 
With respect to each task, Reflectives performed superiorly to Impul- 
sives but only in the case of the Pearson Hypothesis Formulation Test 


was performance superiority at a statistically significant level. Thus 
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while it appears that reflective students perform about as well as 
impulsive students on tasks measuring abilities in generating objects, 
events and hypotheses (as measured by the Object Generation, Event 
Generation and Hypothesis Generation Tasks respectively), the per- 
formance of Reflectives on the Pearson Hypothesis Formulation measure 
is significantly superior to that of Impulsives. In all tasks (except 
the Hypothesis Selection Task) Science Knowledge played a significant 
role in contribution to the variances. It appears that ability to 
generate objects, events and hypotheses is in part a function of 
Science Knowledge. As in the case of the Hypothesis Selection and 
Pearson Hypothesis Selection measures, the two measures assessing 
ability in generating hypotheses, the Hypothesis Generation Task and 
the Pearson Hypothesis Formulation Test, appeared to demand markedly 
different types of cognitive activity on the part of students involved. 
Evidence supporting this claim is found in the essentially zero 
correlations existing between these measures (see Table V, p. 84). 
Further evidence is found in the fact that Science Knowledge, Intel- 
lectual ability and Reading ability contributed significantly to the 
variance of the Pearson Hypothesis Formulation Test, but failed to do 
so in the case of the Hypothesis Generation Task. Again these 
differences in cognitive requirement appear to result at least in 
part from differences in content areas and modes of content presenta- 
tion associated with respective measures. 

Hypotheses Ten, Eleven and Twelve dealt with the ability of 
Reflectives and Impulsives to evaluate generated objects, events and 


hypotheses. In all tasks Reflectives performed superiorly to 
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Impulsives, but in no instance was performance superiority statisti- 
cally significant. Thus it appears that reflective and impulsive 
students perform about as well on tasks demanding ability in evaluating 
generated objects, events and hypotheses, as measured by tasks used 

in this investigation. While ability in evaluating generated objects 
and generated events is dependent in part upon Science Knowledge, 
ability in evaluating generated hypotheses appears essentially 


independent of Science Knowledge. 
SECLLONGS 


This section deals with those hypotheses which relate to the 
performance of Reflectives and Impulsives on the Suchman Question- 


Asking Task. 


Hypothesis Thirteen (H, 4) (As originally stated): 


There is no significant difference in the total number of 
Suchman-type questions asked between reflective and impulsive 
groups. 


Scores obtained on the Suchman Question-Asking Test were 
used in testing this hypothesis. Table XXXI indicates the total 
number of questions asked by reflective and impulsive groups, and 
the number of questions asked by these groups according to the two 
major Verification and Implication question-type categories. As in 
the case of Hypotheses H,-Hy os Stepwise Regression analysis was 
conducted with control variables Science Knowledge, Non-Verbal and 
Verbal I.Qs., Age and Word and Paragraph Meaning abilities, using 


the Suchman Question-Asking measure as criterion. Major results of 


the analysis are presented in Table XXXII. The table reveals that 
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TABLE XXXI 


TOTAL NUMBER OF VERIFICATION AND IMPLICATION QUESTION TYPES 
ASKED BY REFLECTIVE AND IMPULSIVE GROUPS 


Verification 


Number 


Per 
Total Student 
Reflective 
Impulsive 


Combined 


Question Type 
Implication 


Number 


Per 
Total Student 


Combined 


Number 


Per 
IeKeeul Student 
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Science Knowledge was the only variable contributing significantly to 
the variance. Subsequent covariate analysis employing Science Know- 


ledge as covariate appeared appropriate. 


TABLE XXXII 


SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE 
WITH THE QUESTION-ASKING TEST AS CRITERION 


Multiple % Variance 
Contributor Regression R Accounted for F Pp 
X, (Science Know.) 0.20 3.84 543 0.02 


1 


Regression Equation: 


Y= 0.04xX, trict oO 


Hypothesis Hy (Restated) : 


There is no significant difference in the total number of 
Suchman-like questions asked between reflective and impulsive 
groups when group means are adjusted for performance on the 
Stanford Achievement Test (Science). 

Toctest H)3 covariate analysis was performed on Suchman 
Question-Asking scores using scores from the Science Knowledge Test 
as covariate. Results of the analysis are provided in Table XXXIII. 
The table reveals that the F-Test for the Science Knowledge covariate 
was highly significant, indicating that the regression coefficient 
for the covariate was not zero and that an adjustment was being made 
to group means. The table indicates in addition that the reflective 


group mean was adjusted down 0.02 points and the impulsive group 


mean up 0.02 points. The difference between adjusted group means 
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TABLE XXXIII 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON THE QUESTION-ASKING TEST 


Source Ss Df MS F Pp 
Treatment een aL AL 5 AKG 0.49 0.48 
COIS That 10.97 1 10.97 4.89 0.03 


Science Knowledge 


Error 302.86 35 2.24 


Bartlett Test for Homogeneity of Group Variance: 
2 
Dto= 1) 4.4 = 0.58, pe 70r4 


Test for Homogeneity of Regression Coefficient: 


= 0.47 = 0.49 
Erie) ae 
Unadjusted Means Adjusted Means 
Reflective Group 2.41 2.39 
Impulsive Group Dees) Zee 


4 ipa 


™ 1 
a¢ i 
a i 
ia eat 
‘ 
© 4 ‘a a ¢ , 
; My 
* hs g 
d i A 
, 
@ Me ee 
4 va) ' 
% Fi : * 
‘ 
very 
ra 
i i} 
noha 
W Thin, 
' 
‘ 
* 
“ 
‘ j 
‘ 
‘ 
Pik 
at Le ae ‘ i aes 
a 
be uy ” 
fl . 
\ 5 a 
: rat A an ‘7 
fie 9 H | tei 
{ 
ere ee rere ee fee ree ee rs 
y 
oe 
A » 
ie. hr ht We 
we re Sea a a or 


i) pew 3 


at te Seay 
ane eee pr acl 


128 


was found to be 0.18, significant at the 0.48 level. Therefore the 


investigation failed to reject H It appears that there is no 


T3r 
Significant difference in the total number of Suchman-type questions 


asked, as measured by the Suchman Question-Asking Test, between 


reflective and impulsive groups. 


Hypothesis Fourteen fH, )? 


There is no significant difference in the distribution of 
questions of specific Suchman types asked between reflective 
and impulsive groups. 
To test this hypothesis the Kolmogorov-Smirnov Two Sample 
Test was employed. Among other researchers, Guilford (1956) and 
Siegel (1962) recommend use of this test for comparing distributions 
of two samples. Application of this test necessitates allocation of 
questions asked to specific Suchman categories and the subsequent 
calculation of the cumulative proportions of questions within each 
CaLegory.. By oes procedures a standard value is obtained that is 
unaffected by differences in’ sample size. ‘Table XXKIV ‘presents the 
number of questions asked by reflective and impulsive groups according 
to specific Suchman categories. Cumulative proportions and differ- 
ences between cumulative proportions are shown. In testing for 
significant difference between reflective and impulsive distributions 
a two-tailed test was STE that utilized the differences between 
the cumulative proportions per question category. For the distribu- 


tion to be significantly different at the 0.05 level, the difference 


between the cumulative proportions of any category must exceed a 


value equal to Nee. Imp. 
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TABLE XXXIV 


NUMBER, PROPORTION, CUMULATIVE PROPORTION AND DIFFERENCE 
BETWEEN CUMULATIVE PROPORTIONS OF 
SUCHMAN QUESTION TYPES 


Te 


Reflective Group Impulsive Group Difference 
Suchman a ok Between 
Question Cum. Cum. Cum. 
Type** No. Propn. PYGOpN « No. Propn< Prop. Propns. 
A ui -006 - 006 5 20ss 033 2) 
2 Zi 223 134 3) -058 -091 043 
s) 86 -524 658 88 Jom - 666 008 
4 0) - 000 658 0) 000 - 666 -008 
5 0 -000 Stake! 0 - 000 -666 008 
6 10 -O61 aura be) 6 039 ~A05 014 
d 10 061 130 2 «OLS 718 2.062 
8 10 BOGE -841 5 1053 how ~090* 
=) Has 067 2908 14 7092 - 843 065 
10 8 049 2957 8 052 895 062 
taf 1 -006 908 Z ALORS) 908 2055 
12 6 2037 1.000 14 2092 1.000 000 
Totak 164 Lo3 


* Maximum difference observed. 
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** ] = Categorical verif.: Nominal 7 = Abstract-Conceptual: Diffuse 
2= Categorical verif.: Normative 8 = Abstract-Conceptual: 
3 = Analytical verif.: Condn.-Desc. Directed 
4 = Analytical verif.: Condn.-Comp.. 9 °= Concrete-Inferential: 
5 = Analytical verif.: Struc.-Comp. Elimination 
6 = Analytical verif.: Properties 10 = Concrete-Inferential: 
Check Substitution 
11 = Concrete-Inferential: 
Addition 


12 = Concrete-Conceptual 
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where Near! and rae refer to Reflective and Impulsive sample respec- 


tively. Substituting values of N = 164 and N = 153 into the 
Ref. Imp. 
above equation a critical value of 0.152 was obtained. Examination 
of Table XXXIV reveals that the distribution of questions between 
reflective and impulsive groups within the first major Verification 
category (encompassing question types 1-6) was remarkably uniform. 
Reflectives, for example, had 71.9% of the questions within Verifica- 
tion categories, while Impulsives had 70.5% of the questions within 
the categories. Within the second major category, the Implication 
category, the distribution of questions was less uniform between 
groups, but still this distribution failed to reach a significant 
level of difference. The maximum difference in question distribution 
was attained in the Directed subcategory of Implication question. 
However again this difference failed to attain the critical value 
of 0.152 required for significance. Since in no instance did the 
difference between cumulative proportions reach this critical value, 


the investigation failed to reject H According to the Kolmogorov- 


14° 
Smirnov Test it appears that there is no significant difference in the 


distribution of questions of specific Suchman-type asked between 


reflective and impulsive groups. 


Comments Pertaining to Hypotheses Thirteen and Fourteen 

Hypothesis Hi 3 revealed that reflective and impulsive groups 
ask a similar number of questions (regardless of type) when seeking 
information during problem-solving. Hypothesis Ha revealed that 


reflective and impulsive groups ask similar quantities of the twelve 


distinct Suchman-type questions. These findings indicate that there 
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is no preference for students of one disposition over another to ask 
questions of either an analytic type (as manifested by questions 
asked within Verification categories) or of a more global nature 
(such as those contained within Implication categories). Thus this 
investigation provides no evidence to support the claims of Ault 
(1973) and Denney (1973) (see p. 37) that Reflectives and Impulsives 


ask different types of questions during problem-solving. 


Hypotheses Fifteen to Eighteen 

These four hypotheses provide further information pertaining 
to the general issue of question-type usage. These hypotheses were 
used to investigate whether significant differences exist between 
reflective and impulsive groups in terms of the frequency with which 
Verification and Implication question types are used, in instances 
where one, two, three and four questions are asked during the 
question-asking session. Table XXXV provides data common to 


Hypotheses H In this table comparisons are made between 


tie ee 
frequency of usage of Verification and Implication question types 
pertaining to those reflective and impulsive students who ask one, 
two, three and four questions respectively. Examination of the table 
reveals that for both reflective and impulsive groups, as the total 


number of questions asked increased, the proportion of Verification 


type questions increased and the proportion of Implication type 


questions decreased. 
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Hypothesis Fifteen (Hog) 

With respect to subjects asking one Suchman-type question 
only, there is no significant difference in the number of 
questions of Verification and Implication type between 
reflective and impulsive groups. 

Table XXXVI shows the number of questions allotted to the two 
major Verification and Implication categories. In addition the 
proportion of questions of specific type are shown. The table reveals 
that 20 Reflectives (i.e. 29.4% of the reflective population and 
14.5% of the total population) and 20 Impulsives (i.e. 28.6% of the 
impulsive population and 14.5% of the total population) asked one 
question only during the question-asking session. Data was subjected 
to a y2-Test of independence (Ferguson, 1971, p. 184). A x2 OL aaa 
was obtained, significant at the 0.20 level. Therefore the investiga- 


tion failed to reject H In instances where one question is asked 


nS 
there is no significant difference in the number of questions of 


Verification and Implication types between reflective and impulsive 


groups. 


Hypothesis Sixteen (Hy 6) 


With respect to subjects asking two Suchman-type questions 
there is no significant difference in the number of questions 
of Verification and Implication type pertaining to the first 
and second questions asked between reflective and impulsive 


groups. 


Table XXXVII indicates the number of questions allotted to 
the Verification and Implication categories for the first and second 
questions and the proportion of questions of specific type. The 
table reveals that 13 Reflectives (i.e. 19.1% of the reflective 


population and 9.4% of the total population) and 16 Impulsives 
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TABLE XXXVI 


QUESTION TYPE USAGE FREQUENCY—ONE QUESTION ASKED 


Question Type 


Verification | Implication 
— 

No. ) AE 20 
Reflective Gr. 

Propn. 45 pays) 

nn 

No. 13 / 20 
Impulsive Gr. 

Propn. 56D oo 

22 18 40 
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(i.e. 22.9% of the impulsive population and 11.6% of the total popula- 
tion) asked two questions during the Test. Data pertaining to the 
first and second questions were subjected to a y2-Test of independence. 
With repect to the first question a y? of 0.29 was “pene Signifa—- 
cant at the 0.60 level. With respect to the second question a x2 of 
0.01 was achieved, significant at the 0.90 level. Therefore for both 
the first and second questions the investigation failed to reject Hig: 
In instances where two questions are asked, there is no significant 
divfiference in the number of questions of Verification and Implication 
types pertaining to the first and second questions asked between 


reflective and impulsive groups. 


) 


Hypothesis Seventeen (Ho) 


With respect to subjects asking three Suchman-type questions, 
there is no significant difference in the number of questions of 
Verification and Implication type pertaining to the first, second 
and third questions asked between reflective and impulsive groups. 

Table XXXVIII indicates the number of questions allotted to 

the Verification and Implication categories for the first, ‘second and 
third questions and the proportions of questions of specific type. 

The table reveals that 17 Reflectives (i.e. 25.0% of the reflective 
population and. 12.3% of the total population) and 14 Impulsives (i.e. 
20.6% of the impulsive population and 10.1% of the total population) 
asked three guestions during the question-asking session. Data 
pertaining to each question were subjected to a x2-Test of indepen- 
dence. Since. as indicated in Table XXXVIII some cell frequencies were 


of small magnitude (i.e. <5), values for x? were calculated using 


Yate's Correction for Continuity. Ferguson (1971, p. 188) recommends 
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application of this Correction Factor whenever cell frequencies less 
than 5 are obtained. With respect to the first question, a y2 of 0.84 
was obtained, significant at the 0.40 level. With respect to the 
second question a yx? of 0.12 was obtained, significant at the 0.70 
level. Finally in the third question a y* of 0.54 was achieved that 
was significant at the 0.47 level. Therefore for all questions the 
investigation failed to reject Hi: 
three questions are asked, there is no significant difference in the 
number of questions of Verification and Implication type pertaining 


to the first, second and third questions asked between reflective and 


impulsive groups. 
Hypothesis Eighteen (Hyg) 


With respect to subjects asking four Suchman-type questions, 
there is no significant difference in the number of questions 
of Verification and Implication type pertaining to the first, 
second, third and fourth questions asked between reflective and 


impulsive groups. 

Table XXXIX indicates the number of questions allotted to the 
two question categories for the first, second, third and fourth 
questions, and the proportion of questions of specific type. The 
table reveals that 9 Reflectives (i.e. 13.2% of the reflective popula- 
tion and 6.5% of the total population) and 8 Impulsives (i.e. 11.4% 
of the impulsive population and 5.8% of the total population) asked 
four questions during the question-asking session. As in the case of 
Has data pertaining to each question were subjected to y* tests of 


independence using Yate's Correction for Continuity. With respect 


to the first question, a x* of 1.92 was obtained, significant at the 


0.15 level. With respect to the second question, a x2 of 2.51 was 


It appears that in instances where 
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obtained, significant at the 0.12 level. In the case of the third 
question, a x2 of 1.92 was obtained, significant at the 0.15 level. 
Finally in the case of the fourth question a x2 of 1.50 was obtained, 
Significant at the 0.22 level. Based on these results this investiga- 


tion failed to reject H It appears that in instances where four 


yey 
questions are asked, there is no significant difference in the number 
Of questions Of Verification and Implication type pertaining’ to the 
first, second, third and fourth questions asked between reflective 
and impulsive groups. 

As noted earlier, Table XXXV, page 132, reveals that changes 
in the proportion of Verification and Implication question-types 
asked, occur with changes in the total number of questions asked 
during the Suchman Question-Asking Test. These changes however are 
manifested by both reflective and impulsive groups. Hypotheses 
His Hig indicate that there is no significant difference in the number 
of questions of Verification and Implication types asked by reflective 


and impulsive students when these questions are the first, second, 


third and fourth to be asked. 


SECTION C 


Associated Question 1 


Student criterion correlations for the combined reflective and 
impulsive groups have already been presented. Several significant 
correlations were found to exist between the Selection, Generation and 
Evaluation of Selected and Generated scores (see Table IV, p. 83 and 


Table V,"p.. S4)-. 11The investigator wished to determine whether 
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correlations between these criterion variables were of similar magni- 
tude for reflective and impulsive groups. To enable this to be done, 
correlations were found between variables for the reflective group 
and for the impulsive group alone. Table XL and Table XLI provide 
the correlation matrices for reflective and impulsive groups res- 
pectively. When values are compared, several differences are evident. 
For example, with respect to the impulsive group, correlations between 
the Tannenbaum Observation Test and both the Object Generation and 
Event Generation Tasks were significant at the 0.05 and 0.01 levels 
respectively (r = 0.28, r = 0.49). With the reflective group however, 
correlations between the same measures failed to reach significant | 
levels (r = -0.02 and r = 0.49). Ina similar fashion, with the 
impulsive group, Tannenbaum's Test correlated significantly at the 
0.01 level with both the Evaluation of Generated Objects and the 
Evaluation of Generated Events (r = 0.32, r = 0.42 respectively), 
but with the reflective group, this Test failed to correlate signifi- 
Cantly with the same tasks (r = 0:17, r= 0.19). Other correlations 
appearing different on the two groups were between: 

1. The Pearson Hypothesis Selection Test and both the 
Evaluation of Selected Objects and Event Generation Tasks; 

De ais SEE Hypothesis Formulation Test and the Event 


Selection, Evaluation of Selected Events and Evaluation of Selected 


Hypotheses Tasks; 


3. The Event Selection Task and both the Hypothesis Generation 


and Evaluation of Generated Hypotheses Tasks; and 


4. The Hypothesis Selection Task and Evaluation of Generated 
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INTERCORRELATION MATRIX FOR IMPULSIVES ON CRITERION MEASURES 
2 


SHEE TAOS 


Jia 
1.00 


10 
1.00 

14 
=i 


+ 


$e 
cL 


Tannenbaum 
Observation 
Object Selec 


Pearson 


Task 


= 


i2. Pearson Hyp. Form. 
eye 


io. 
qs 


1.00 


50) 


Ne) 


aA 


04 


1.00 


100 
om 


Pa00 
50)5) 
3 AS) 


Sieh 
-60** 


oS 750.3} 


-00 
.08 


5 1b 
00 


Selection 


typ. 


B 


° z 


7 


+ 


1.00 


Ww 


et 


aoe ee OO 


1.00 


Oe! 
02 eee 


2 


apt 


- 08 


61 saliak oil apy) Slfe) 1.00 


19 


SeISHIes 


OS 


Xe) 
(oad 


= 200 


1.00 
.59** 1.00 
21* 


oals 
ods 
-84%* 


~- 50** 
Oot 
- 28* 


soon 
243%* 
ead, 


= 10 
.07 


ee 
5hlS) 


-08 


SO 
evel. 


ea 


0.01 


32** 


of 
Events 


pike 


ai 
Big 


v 
Ge 


a 


vu 


22 


> 


‘e 


Mm, 


144 


Hypotheses Task. 

To determine whether any of the differences noted between 
correlations were significant, a Fisher's Z transformation was executed 
on each correlation (Ferguson, 1971, pp. 168-171). Fisher values are 
presented in Table XLII. Ina Fisher's Z transformation any values of 
correlation comparisons exceeding 1.96 are significant at the 0.05 
level. Those values exceeding 2.58 are significant at the 0.01 level. 
Examination of Table XLII reveals that almost all correlation compari- 
sons failed to reach significance at the 0.05 level. Only four 
comparisons were significantiat a 0.05 level or greater: Significant 
correlation comparisons were obtained between the Pearson Hypothesis 
Selection Test and both the Evaluation of Selected Objects and Event 
Generation Tasks, and between the Evaluation of Selected Hypotheses 
measure and both the Event Generation and Evaluation of Generated 
Events Tasks. In the opinion of the investigator it is quite possible 
that the four significant correlation comparisons are artifacts. 

This view is based on the following evidence: 

1. Associated Z values, though significant, were low in 
magnitude, 

2. Correlation comparisons between reflective and impulsive 
groups involving the Pearson Hypothesis Selection and Evaluation of 
Selected Hypotheses measures, and all other student variables (except 
those noted above) were not significant at the 0.05 level, and finally 

3. As noted earlier, of the total number of correlation 


comparisons made (N = 105), the vast majority (N = 101) were not 


Significant at the 0.05 level. 
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It appears therefore, that correlations existing between the 
criterion variables are generally similar in magnitude for reflective 
and impulsive groups. In the few instances where comparisons between 
groups were found to be significantly different, it is possible that 


differences are artifacts. 


Associated Question 2 

In order to determine whether common factors existed among the 
Selection, Generation and Selection and Generation Evaluation Tasks, 
scores associated with each of these tasks were subjected to Factor 
Analysis. A Principal Component analysis was performed on reflective 
and impulsive groups combined (N = 138). The correlation matrix was 
rotated orthogonally according to Varimax criteria. Six factors 
identified with Eigenvalues greater than unity were extracted. The 
Varimax factor rotations of these factors are presented in Table 
XLIII. The table reveals that: 

1. Factor I appears to be defined by four criterion vari- 
ables: Object Generation (0.79), Event Generation (0.82), Evaluation 
of Generated Objects (0.84) and Evaluation of Generated Events (0.84). 
All other variables loaded <0. 36. 

2. Factor II appears to be defined by two criterion vari- 
ables: Hypothesis Generation (0.96) and Evaluation of Generated 
Hypotheses (0.94). All other variables loaded <0.21. 

3. Factor III appears to be defined by two criterion vari- 
ables: 


Pearson Hypothesis Selection (0.83) and Pearson Hypothesis 


Formulation (0.84). All other variables loaded <0.28. 


4. Factor iV appears to be defined by two criterion variables: 
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LOADINGS OF CRITERION VARIABLES ON IDENTIFIED COMMON FACTORS 


(VARIMAX ROTATION) 
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Event Selection (0.86) and Evaluation of Selected Events (0.87). All 
other variables loaded <0.25. 

5. Factor V appears to be defined by two criterion variables: 
Object Selection (0.86) and Evaluation of Selected Objects (0.78). 

All other variables loaded <0.17. 

6. Factor VI appears to be defined by two criterion variables: 
Hypothesis Selection (0.85) and Evaluation of Selected Hypotheses 
(0.85). All other variables loaded <0.13. 

From this review it is evident that 14 of the 15 criterion 
variables loaded heavily on one of the six Factors identified. An 
exception to this trend was manifested by the Tannenbaum Observation 
Test which failed to load heavily on any Factor. It is interesting 
to note that in every instance the six Evaluation Tasks loaded heavily 
on the same Factor as respective Selection and Generation Tasks. This 
outcome is not surprising, since in most instances high correlations 
between Evaluation and respective Selection and Generation Tasks had 
previously been noted (see Table IV, p. 83 and Table V, p. 84). Again 
it must be remembered that these wi Nesey ore may be spuriously high 
for reasons earlier noted (see p. 57). Four of the six Evaluation 
tasks loaded heavily on separate Factors. This is understandable 
in view of the low, usually non-significant, correlations obtained 
between these Tasks. The two Evaluation Tasks that were moderately 
highly correlated, the Evaluation of Generated Objects and Evaluation 
of Generated Events Tasks (r = 0.59, significant at 0.01 level), loaded 


on a common Factor (Factor I). 


Four of the six Selection and Generation Tasks loaded heavily 
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on separate Factors, the Object and Event Generation Tasks providing 
exceptions to this trend by loading together (with respective Evalua- 
tion Tasks) on Factor I. Again these outcomes were to be expected in 
view of the very low, non-significant, intercorrelations of the above 
noted four tasks, and the substantial correlation obtained between the 
Object and Event Generation Tasks. The only instance where a Selection 
and a Generation Task loaded heavily on a similar Factor was in the 
case of the Pearson Hypothesis Selection and Pearson Hypothesis 
Formulation Tests loading on Factor III. Again this is not surprising 
since a substantial correlation of 0.55 existed between these measures. 

From these results the following general conclusions may be 
drawn: 

1. Commonalities between all Evaluation Tasks and respective 
Selection and Generation Tasks are high. 

2. Except in the noted cases of the Object and Event Genera- 
tion Tasks, and the Pearson Hypothesis Selection and Pearson Hypothesis 


Formulation measures, commonalities between Selection and Generation 


Tasks are low. 


Associated Question 3 


the investigator wished to determine whether Significant 
differences existed between reflective and impulsive groups with 
respect to Factor Scores derived from the six common Factors. 

Employing an arbitrarily assigned mean (20.00) and Standard 
Deviation (5.00) six Factor Scores for each subject (N = 138) were 


calculated in accordance with the following parameters: 
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where F (r x N) = Factor Score matrix 
S (n x r) = Factor structure matrix 
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tandardized Score matrix 
for’ n = 15 variables, r = 6 Factors and N = 138 subjects. 

oe procedures followed in testing Hypotheses H,-H, 3 
were adopted for determining whether significant differences exist 
between reflective and impulsive groups with respect to each of the 
six derived Factor Scores. Accordingly Stepwise Regression analysis 
was performed on Factor Scores in turn, in order to determine whether 
any of the control variables, Science Knowledge, Age, Non-Verbal and 
Verbal intellectual abilities, Word and Paragraph Meaning abilities 
contributed significantly to the variance of these scores. In 
instances where one or more of these variables made significant con- 
tribution to the variance, subsequent covariate analysis was executed 
employing significant contributors as covariates. In instances where 
no variables contributed significantly to the variance, a t-Test was 
subsequently performed between reflective and impulsive group means. 


A review of the procedures and findings pertaining to each of the 


Factor Scores follows. 


Pacctorn sl) score 

(Factor I is defined as Object and Event Generation Tasks, 
and Evaluation of Generated Objects and Events Tasks.) 

Major results of a Stepwise Regression analysis performed on 


this Score are presented in Table XLIV. The table reveals that Science 
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Knowledge was the only variable succeeding in making significant con- 
tribution to the variance of the scoret This is to be expected since 
this variable contributed significantly in each of the Tasks serving 
to define Factor I. An analysis of covariance was subsequently per- 
formed on Factor I Score using Science Knowledge as covariate. 

Table XLV reveals that the F-Test for the Science Knowledge covariate 
was highly significant indicating that the Regression coefficient 

for the covariate was not zero and that an adjustment was being made 
to group means. The table indicates that the reflective group mean 
was adjusted down 0.30 points and the impulsive group mean up 0.30 
points. The difference between adjusted group means was found to 

be 0.46 points, significant at the 0.77 level. Therefore there 
appears to be no significant difference between Factor I Scores 
obtained by reflective and impulsive groups, when means are adjusted 


for performance on the Stanford Achievement Test (Science). 


TABLE XLIV 
SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE 
WITH FACTOR I AS CRITERION 
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Contributor Regression R Accounted For F p 
Dre nnn 
X, (Science Knowledge) On37 133.06 21535 0.00 


ab 


Regression Equation: 


° 


Ven 0.44x, “ewe 


6 a a 8 eh en EacaEaESaERREGA Gz Se a en ne a ee Lee ee 


As ' : a ; : ’ , 
ome y af 
re 4 rs 
| peg : i iN i 
~ ce: 
t fa 7 eG wae Bie 
ig ort Coin 
{ ; | bil , met ry Te es " 4 ip 
aN Bw 1 | ie sant a. ae aise 
- ar es i ; a cs o x ¥ 
3 ioe < +) ey, PENAL } 
; ' eneachiag AWM ts, pat nga ® t, oa 
a ie i 4 , oa aan nt ead 
1 ue n> he a nd: he a 
; Uae eee G 
“y SERT Lian" Sap a pear bee: 
a ba Habs My bie r 1m pee 
; \ | ine ol 
4 ‘ama my ies bay ee 


TABLE XLV 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON FACTOR I SCORES 


Source Ss DE MS F Pp 
Treatment 7.28 ak Vo2e 0.08 OF a 
OE Ee 1852.42 1 1852.42 21.00 0.00 
Science Knowledge f ; j 7 
Error 11909.71 IL 335) SSe22 


Bartlett Test for Homogeneity of Group Variance: 
DE.= 1,,1° 210.06 sp a= 680 


Test for Homogeneity of Regression Coefficient: 


= .0Ol = 0.95 
NOTRE erage 2 
Unadjusted Means Adjusted Means 
Reflective Group 20.54 20.24 
Impulsive Group 19.48 LoL 1S 


i m 


Hactorm DisScore 

(Factor II is defined by Hypothesis Generation and Evaluation 
of Generated Hypotheses Tasks.) 

Stepwise Regression analysis performed on this Score indicated 
that none of the six variables served as significant contributors to 
the variance of the Score. This finding is expected since none of the 
variables contributed significantly to either the Hypothesis Generation 
or Evaluation of Generated Hypotheses Tasks. Verbal I.Q. was the 
MajOrecontributor: (variancei accounted for 0.96%, FI=)1.31) pli="0125)% 
Results of a t-Test performed on Factor II Scores are presented in 
Table XLVI. The table indicates that the t-Test was not significant 
p = 0.19). Therefore there appears to be no significant difference 


between Factor II Scores obtained by reflective and impulsive groups. 


TABLE XLVI 


t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON FACTOR II SCORES 


Reflective Impulsive Std: Devns Std. Devn. 
Group Mean Group Mean Ref. Group Imp. Group DE is i) 
72) besa Ua} 18.88 10.96 sige) 136 ess 0219 


Factor bh Score 


(Factor III is defined by Pearson Hypothesis Selection and 


Pearson Hypothesis Formulation measures.) 
Major results of the Stepwise Regression analysis performed 


on the Score are presented in Table XLVII. The table reveals that 


Science Knowledge, Non-Verbal and Verbal 1.Q., and Paragraph Meaning 
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ability contribute significantly to the variance of this Score. ‘These 
findings are expected since these same variables contributed signifi- 
cantly to the variances of the two Pearson Tests. As in the case 

with the Pearson Tests, the Regression Equation indicates that Verbal 
1.0. (variable X,) acted as a suppressor variable. An analysis of 
covariance was subsequently performed on Factor III Score using the 
four noted variables as covariates. Table XLVIII reveals that the 
P-Test for each covariate was highly significant indicating that the 
regression coefficient for each covariate was not zero, and an adjust- 
ment was being made to group means. The table also indicates that the 
reflective group means were adjusted down 0.85 points and the impul- 
Sive group mean up 0.83 points. The difference between adjusted group 
means was 2.65, significant at the 0.08 level. Therefore there 
appears to be no significant difference between Factor III Scores, 
obtained by reflective and impulsive groups, when means are adjusted 
for performance on Tests associated with Science Knowledge, Non-Verbal 


and Verbal I.Q., and Paragraph Meaning. 


Factor IV Score 


(Factor IV is defined by Event Selection and Evaluation of 


Event Selection Tasks.) 


Stepwise Regression analysis performed on the Score indicated 
that none of the control variables served as significant contributors 


to the variance of the Score. Paragraph Meaning was the major con- 


tributor (variance accounted for, 2.33%, F = 3224; Pr=)0..07).. PResults 


of a t-Test performed on this Score are presented in Table IL. The 


table indicates that the t-Test was not significant (p = 0.36). 
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TABLE XLVII 


SIGNIFICANT CONTRIBUTION OF VARIABLES WITH 
FACTOR III AS CRITERION 


Multiple % Variance 
Contributors Regression R FR Accounted for F Pp 
x) (Science Knowledge) 0.34 ice l P.o8 Liou, O00 
ee (Non-Verbal I.Q.) 0.41 dic yes 12) Noses) 87047 "05.01 
Xj 1X5 1X, (Verbal I.Q.) 0.47 126-63 22.04 9.44 0.00 
Xj 1X 1X 1X (Paragraph O750 tha pew PASTAS yee Whe me Rt OY, 


Meaning) 


Regression Equation: 


= é = 0.260%. +O 222X 4 2.67 
Y 0.23X, + 0 28x, 0226 3 4 
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TABLE XLVIII 


ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON FACTOR III SCORES 


Source ss Dyed MS F Pp 


Treatment 233.58 AL B33 53 3.06 0.08 


Covariate l: 


De , a : 
pee G ele ay i 13 toe yal 0.00 
CONUS OSs 925.99 1 oo5N06 TOMLA 0.00 
Verbal 1'sO. 
SQventabes3 : 300.44 1 300.44 3.94 0.04 
Science Knowledge 
STEN RE 433.18 1 433.18 5 ake 0.02 
Paragraph Meaning 
Error 10063.63 1S WE Be 


Bartlett Test for Homogeneity of Group Variance: 


DE = 1, y> =10434,50 210556 


Test for Homogeneity of Regression Coefficients: 


j : = O28 = 0.67 
Covariate l: J TGbeaiery, 7 j2 


Ne : =8O 00m pi=n0e 34 
Covartate 2: F 1,128) p 


| 
je) 
I 
bh 


j 2 =HhQul4, = 
Covariate 3: F128) p 


i : =~ eZ = Oy. dke 
Covariate 4: i Capgilbe® , P 


Unadjusted Means Adjusted Means 


Reflective Group 


Impulsive Group 
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Therefore there appears to be no significant difference between 


Factor IV Scores obtained by reflective and impulsive groups. 


TABLE IL 


t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON FACTOR IV SCORES 


Reflective Impulsive Std. Deyn: Std. Devn. 
Group Mean Group Mean Ref. Group Imp. Group DAE S 2) 
PO eee 20.477 10508 LOR 00 136 FORIL 0236 


FActOriVve score 

(Factor V is defined by Object Selection and Evaluation of 
Object Selection Tasks.) 

Stepwise Regression analysis performed on the Score indicated 
that no control variable contributed significantly to the variance of 
the Score. Non-Verbal I.Q. was the major contributor (variance 
accounted’ for, 1.42%, °F = 1.96, p ="0.16)). Results of*a t-Test per- 
formed on the Score are presented in Table L. The table indicates 
that the t-Test was not significant (p=0.54). Therefore there 


appears to be no significant difference between Factor V Scores 


obtained by reflective and impulsive groups. 


TABLE L 


t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS 
ON FACTOR V SCORES 


ooo 
Reflective Impulsive Std: Deyn. Std. Devn. 


Group Mean Group Mean Ref. Group Imp. Group Df c P 
CTO. SE Be ee ee ee 
20353 19.49 LOea3 9.99 136 0.61 0.54 
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Factor VI Score 

(Factor VI is defined by Hypothesis Selection and Evaluation 
of Selected Hypotheses Tasks.) 

Stepwise Regression analysis performed on the Score indicated 
that no control variable contributed significantly to ae variance of 
the Score. Science Knowledge was the major contributor (variance 
accounted (for, 0.24%, F = 0.32, p= 0-57). Results of a t-Test 
performed on the Scores are presented in Table LI. The table 
indicates that the t-Test was not significant (p = 0.66). Therefore, 
there appears to be no significant difference between Factor VI 


Scores obtained by reflective and impulsive groups. 


TABLE LI 


t=TEST FOR REFEECTIVE AND IMPULSIVE GROUPS 
ON FACTOR VI SCORES 


Reflective Impulsive Std. Devne Std. Devn. 
Group Mean Group Mean Ref. Group Imp. Group Df US Pp 
20739 19.62 1O430 9.84 136 0.45 0.66 


Results obtained relating to Associated Question 3 indicate 
that the reflective group performed superiorly to the Impulsives with 
respect to Factor Score I, Il, £11; V and VI. sin no instances 
however, were differences obtained in Factor Scores statistically 
significant. The impulsive group achieved a higher, though statisti- 
cally non-significant, Factor Score IV than did the reflective 
group. It appears therefore, that reflective and impulsive groups 


achieve similar Factor Scores when these Scores are derived from the 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
INTRODUCTION 


In this chapter a summary of the investigation will first 
be presented. Following presentation of the summary, conclusions 
regarding decisions to reject or hold tenable the research hypotheses 
will be presented and results of the investigation discussed. In the 
final sections the implications that results have for teaching at the 
elementary school level will be discussed, and recommendations for 


further research presented. 
SUMMARY 


The present investigation was designed to compare performances 
of students classified as Reflective and Impulsive on response 
uncertainty problem-solving tasks demanding adoption of (a) a guided- 
discovery approach, and (b) an open-ended approach. Guided-discovery 
tasks required students to select observations and hypotheses per- 
taining to problem situations depicted on a film-loop, and to sub- 
sequently evaluate those selections made. Open-ended tasks required 
students to generate multiple observations and hypotheses pertaining 
to the same problems depicted on the loop, and to subsequently 
evaluate all generations made. The study also compared the types of 
questions asked by Reflectives and Impulsives during involvement in 


the same problem situations. Question-types were classified according 
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to Suchman criteria. 

The sample employed in the investigation was drawn from the 
population of grade six classrooms of schools within the Edmonton 
Public School System located in middle-income areas. From among ten 
schools randomly selected from this population, the administrators 
of eight agreed to have students participate in the investigation. 
From each of the eight schools involved, students from one complete 
grade six class participated in the study. By means of these pro- 
cedures a total sample of 184 students participated. Of these, 
sixty-eight were subsequently classified according to Matching 
Familiar Figures Test criteria as being reflective in disposition. 
Seventy students were classified as being impulsive in disposition. 

Since all guided-discovery and open-ended tasks were designed 
by the investigator, considerable A aeeee was taken to ensure that 
reliabilities and validities were brought to as high a level as 
possible. To achieve this objective all guided-discovery and open- 
ended tasks were piloted on three separate occasions before the main 
testing program took place. Students participating in the pilot 
studies were not subsequently involved in the main study. The pilot 
studies enabled information concerning item difficulty and discrimina- 
tion values of tasks involved to be collected, and KR. and test- 
retest reliabilities to be determined. This information in turn 
enabled subsequent refinements of instrumentation to be made. As part 
of the refining program a panel of judges was employed to examine all 


tasks for face and content validity. Any task revisions called for 


were subsequently effected. 
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As mentioned earlier (see p. 45) problem episodes forming 


foci for all guided-discovery and open-ended tasks were presented by 


means Of a film-loop. Due to the nature of the film-loop the content 


area providing focus for task involvement was restricted in scope. 
In view of this shortcoming three additional instruments, the 
Tannenbaum Observation Test, the Pearson Hypothesis Selection Test 
and the Pearson Hypothesis Formulation Test, were used to assess 
observation and hypothesizing abilities in different content areas 
and using different modes of content presentation from those of 
guided-discovery and open-ended Tasks. These three instruments 
provided information concerning the extent to which Selection and 
Generation observation and hypothesizing skills manifested task- 
Specificity. 

Another group of instruments used in the investigation con- 
sisted of the Stanford Achievement Test (Word Meaning, Paragraph 
Meaning and Science Batteries) and the Lorge-Thorndike I.Q. Test 
(Non-Verbal and Verbal Batteries). Several researchers (noted in 
Chapter II) reported significant correlations between the two R/I 
variables Number of Errors and Response Latency, with Intellectual 
ability, Reading ability and Knowledge of Science content. Accord- 
ingly it was considered essential that scores from these tests be 


available for use as covariates in subsequent statistical attempts 


to remove selection bias between reflective and impulsive groups due 


to those variables. 
All students participating in the study were tested during 


three separate sessions. During the first session, the MFF Test 
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was administered on an individual basis. During the second session 
all guided-discovery and open-ended tasks, and the practice and main 
Suchman Question-Asking Tests were given on a group basis. In the 
final session, the Tannenbaum Observation Test, the Pearson Hypothesis 
Selection and Hypothesis Formulation Tests, and the Science Knowledge 
Test, were given on a group basis. Each session was conducted by the 
investigator. To avoid problems of readability statements and 
Preseructlionsitel ating to each task were read aloud by the investigator. 

School Cumulative Records supplied recent scores obtained on 
the Lorge eee Non-Verbal and Verbal I.Q. Batteries, and on the 
Stanford Achievement Word Meaning and Paragraph yess Batteries. 

Scores resulting from the guided-discovery and open-ended 
tasks were subjected in turn to Stepwise Regression Analysis to 
determine which, if any, of the variables I.0., Reading ability, 
Science Knowledge, and Age, contributed significantly to the variance 
of the measure under investigation. In instances where one or more 
of the variables made a significant contribution, subsequent covariate 
analysis was performed on reflective and impulsive group means using 
the variable(s) that contributed significantly as covariate(s). In 
instances where no variable made significant contribution to the 
variance, ee were subsequently performed between reflective and 
impulsive group means. 

Scores associated with the Suchman Question-Asking Test were 
analysed using a variety of statistical procedures. Covariate 
analysis was performed using the variable Science Knowledge as 


covariate to compare the total number of questions asked between 
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reflective and impulsive groups (Stepwise Regression analysis had 
previously indicated that this variable made significant contribution 
to the variance of the measure). Comparison of the distribution of 

the twelve question types obtained between reflective and impulsive 
groups was made using the Kolmogorov-Smirnov Two Sample Test. Compari- 
sons of the number of Verification and Implication question types asked 
between Reflectives and Impulsives, when these questions were the 
first, second, third and fourth respectively to be asked, were made 
using a y2-Test of Independence. In instances where cell frequencies 
were very small (i.e. <5) values for x2 were calculated using Yate's 
Correction stor Continuity. 

The first Associated Question concerning existing correlations 
between guided-discovery and open-ended Task scores was answered by 
computing Pearson Product Moment Correlations between measures for 
both reflective and impulsive groups. Correlations between the two 
groups were then compared, and a Fisher's Z transformation executed 
to determine whether differences between correlations were signifi- 
CANK.. 

The second Associated Question concerning the existence of 
common factors among guided-discovery and open-ended variables, 
was answered by subjecting associated scores to factor-analysis and 
rotating the resultant correlation matrix orthogonally according to 
Varimax criteria. 

The third Associated Question concerning differences between 


reflective and impulsive groups on derived Factor scores, was 


answered by adopting statistical procedures similar to those employed 


164 


ud ded! 


: i 
i ! ie 
yee , D, ! ah ihe 
pee . 
‘i ae 
ays fa 6 ey oll 
ha ; » , ‘ 
sa ; by 
- ‘ me 
' ‘V Pm 
eit V4 
A 
i ae © tne 
, yay ft! “hs 
f P » da Sal oe Ae’ P 
y in is % , 4 ‘ a Si 
Tew -* : 
‘ ea | Taf 
a e) ay, 
get Pe ee " y ; “ ’ 
ag { 
Remon et i 
i 
hm >” 
i e "C 
Tah 7 " ( 
a n . 
f / wh 
, A * 
a ard ‘ ; 
‘ 
a 
au i 
y \ 
. ' a oy, i) 
if roa tse ri ib “ y i } 
= ‘ k ( ce ‘ ‘ i 
» Brest, Bie Tse ay, eae ee 
5 ae - £ a S POPS A Gs PP RE LPP Oe 1.) bw ; ater 
4 A ! we * ’ ji A 
y P| “Asi ! i 2 ae 17 ; uf , Ki 
; : : i “ AS i : i ry ae a if , it P 
es ~~ A Ni i 4 * oe _ ae en _—, @. “th stat 
Sani an s ey & " oie f j " i } if ae Di pos oe 4 f oe pet 
y ; vi ‘ } a a he 
we ee Spe een dati bth Be 2 
: Con heed irene 2 ip Lanter 1 ia. eaR0 aoe et, 
y" q i ay y ] 


ORL | ae ie . Pe Be eh a 20 een a) rey | oe J ti ie AG ic 


nh 1 ; 
. Ay ai “i q 4; Em 
ae b y al ae = ‘ iy ir 1s "rhe at Me. 
1 os i : te 
i ; fi ; it + 
pap? niuy iat en avy iad 
eh hi od canbe 8 Ear Sah 
Lon 


Pt a4 a 


able iat ee <r gi 


ai a tae si: ji nahi rae i Ka cea he ve i j ; 
on 4 a4 pith sce ia nas oe 
‘ 


sey iy ay Cae y. cn ay i ® a ain 


we Sian * fe 
iy cal am 


oy 


‘i i v7 mh wih f 
* ity oe wine a nor 


ae é 


165 


to test hypotheses dealing with guided-discovery and open-ended task 
performances. Thus scores were first subjected to Stepwise Regression 
analysis. In cases where any of the variables L.O. , Reading ability, 
Science Knowledge and Age made significant contributions to variances, 
subsequent covariate analyses were performed on reflective and impul- 
Sive group means using significant contributors as covariates. In 
cases where no significant contributions were made, t-Tests were 


performed on reflective and impulsive group means. 
CONCLUSIONS AND DISCUSSION 


A. Research Hypotheses One to Twelve 

Research Hypotheses One to Six dealt with the ability of 
reflective and impulsive groups to select objects, events and 
hypotheses and to evaluate selections made. Table LII summarizes 
the decisions the investigator made concerning whether or not to 
reject these hypotheses. Research Hypotheses Seven to Twelve dealt 
with the ability of reflective and impulsive groups to generate 
objects, events and hypotheses, and to evaluate generations made. 
Table LIII summarizes the decisions the investigator made concerning 
whether or not to reject these particular hypotheses. As can be 
seen from Table LII, the investigation did not find any significant 
differences between Reflectives' and Impulsives' abilities in 
selecting objects, events and hypotheses. Thus this study indicates 
that Reflectives and Impulsives perform about as well on tasks 
demanding the selection of these skills. Both in terms of the type 


of approach adopted (i.e. a selection approach) and in terms of the 
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TABLE LII 


SUMMARY OF DECISIONS MADE CONCERNING HYPOTHESES ONE TO SIX 
ak EE ann coe a ee der hearse nee 


Decisions 


Hypothesis Tenable Reject 


H : There is no significant difference in 
ability to select objects (as measured 
by the Object Selection Task) between 
reflective and impulsive groups. 


H : There is no.significant difference in 
ability to select objects (as measured 
by the Tannenbaum Observation Test) 
between reflective and impulsive groups. 


Pers There is no significant difference in 
ability to select events (as measured 
by the Event Selection Task) between 
reflective and impulsive groups. 


H : There is no significant difference in 
ability to select hypotheses (as measured 
by the Hypotheses Selection Task) between 
reflective and impulsive groups. 


H There is no significant difference in 

5 ability to select hypotheses (as measured 
by the Pearson Hypothesis Selection Test) 
between reflective and impulsive groups. 


Hes There is no significant difference in 
ability to evaluate selected objects 
(as measured by the Evaluation of 
Selected Objects Task) between 
reflective and impulsive groups... 


He: There is no significant difference in 
ability to evaluate selected events 
(as measured by the Evaluation of 
Selected Events Task) between 
reflective and impulsive groups. 


Ho There is no significant difference in 

ability to evaluate selected hypotheses 

(as measured by the Evaluation of + 
Selected Hypotheses Task) between 

reflective and impulsive groups. 
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TABLE LIII 


SUMMARY OF DECISIONS CONCERNING HYPOTHESES SEVEN TO TWELVE 


a ee a 
SS a SSeS 


Decisions 
Hypothesis Tenable Reject 


a A A ee) ee 


HI: 


LO; 


ih 


135 


There is no significant difference in 
ability to generate objects (as measured 
by the Object Generation Task) between 
reflective and impulsive groups. 


There is no significant difference in 
ability to generate events (as measured 
by the Event Generation Task) between 
reflective and impulsive groups. 


There is no significant difference in 
ability to generate hypotheses (as 
measured by the Hypothesis Generation 
Task) between reflective and impulsive 
groups. 


There is no significant difference in 

ability to generate hypotheses (as 

measured by the Pearson Hypothesis + 
Formulation Test) between reflective 

and impulsive groups. 


There is no significant difference in 

ability to evaluate generated objects 

(as measured by the Evaluation of + 
Generated Objects Task) between 

reflective and impulsive groups. 


There is no significant difference in 

ability to evaluate generated events 

(as measured by the Evaluation of + 
Generated Events Task) between 

reflective and impulsive groups. 


There is no significant difference in 

ability to evaluate generated 

hypotheses (as measured by the + 
Evaluation of Generated Hypotheses 

Task) between reflective and 

impulsive groups. 
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particular problem-solving skills involved in these tasks, these 
results at first appear surprising for the following reasons: 

1. Studies reviewed in Chapter II indicated that Reflectives 
performed superiorly to Impulsives on all tasks that demanded selec- 
tion of responses from those provided. However it must be noted that 
all of these studies focussed attention exclusively on performance 
within specific content domains (subject areas). No study, for 
example, investigated the abilities of Reflectives and Impulsives to 
utilize problem-solving skills, as in the case of tasks employed in 
the present investigation. The fact that a selection approach appears 
equally effective to the performance of Reflectives and Impulsives in 
problem-solving settings investigated in this study, highlights the 
danger of generalizing results obtained from studies involving 
selection of responses within content domains to those involving 
selection of responses within problem-solving skill domains. 

"2. ‘Findings from Siegelman's (1969) study (see p. 35) indi- 
cated that Reflectives use more efficient visual search skills than 
Impulsives, when engaged in solving MFF tasks. To Siegelman, 
dvtferencestin ability in using these skills explain; Vat- least in 
part, the resultant typically slow and frequently correct responses 
of reflective students, and the fast, often inaccurate responses of 
the Impulsives. Results from the present investigation however, 
fail to support Siegelman's findings. Reflective and impulsive 
groups performed about as well in selecting objects and events. 

These results suggest that Reflectives and Impulsives employ equally 


efficient visual search strategies in the tasks associated with this 
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investigation. It is possible that differences in search skills are 
only manifested between Reflectives and Impulsives in instances where 
tasks demand distinction of very fine detail between variants (as for 
example in the case of MFF task requirements). Where coarser dis- 
tinctions between variants are required (as in the case of tasks 
associated with this study) reflective and impulsive search strategies 
eppearnequally seffichent. If this proposition isi comrect, efforts 

to increase the complexity of detail of variants may serve to accentu- 
ate any differences existing in visual search skills of reflective 

and impulsive students. In concluding the remarks concerning per- 
formances on the Selection Tasks, one of the following situations may 
have been responsible for the similar performances of both groups on 
these Tasks: 

(a) Students of both groups were equally adept in utilizing 
the Selection approach and equally able in utilizing observation and 
hypothesizing skills. 

(b) Students of one group were more adept in utilizing the 
Selection approach and less able in utilizing observation and 
hypothesizing skills, than students from the other group. 

In view of the above discussion it would appear that equal 
performance on the Selection Tasks were due to conditions associated 
with Situation (a) rather than to those associated with Situation 
(b). However this is an area that warrants a great deal of further 
investigation. 

As can be seen from Table LIII the investigation failed to 


find significant differences between Reflectives' and Impulsives' 
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abilities in generating objects and events. It appears that Reflec~ 
tives and Impulsives perform about as well in generating objects and 
events. With respect to ability to generate hypotheses, Reflectives 
performed as well as Impulsives on the Hypothesis Generation Task. 
Reflectives' performance on the Pearson Hypothesis Formulation Test 
however, was Significantly superior to that of Impulsives. It is 
interesting to note that in the Pearson Hypothesis Formulation Test, 
_students were 7 duhieS to generate hypotheses in the form of alterna- 
tive 'routes' drawn in on paper. Written generations were not called 
for. Thus this Test demanded the generation of visually-constructed 
hypotheses, as responses to a visually-depicted problem situation. 
Requirements of the Hypothesis Generation Task were different. 
Written responses alone were required. It is probable that the noted 
differences in performance of Reflectives and Impulsives on each of 
the generation of hypotheses measures were due to differences in 
content area, presentation mode and response requirements Of each. 
Both the non-significant correlation existing between these measures 
and their failure to load heavily on common factors had indicated 
that they were measuring essentially different qualities. This 
investigation suggests that performances of Reflectives and Impulsives 
are significantly different when generating hypotheses in highly 
visual, non-verbal environments. This proposition is supported by 
the significantly superior performances of Reflectives over Impul- 
sives achieved on MFF Tasks (see Kagan and ROGAN 1970), tasks which 
also operate in highly visual, non-verbal environments. 


Tables Lit and LIil indtcate™thac significant differences 
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did not exist between Reflectives' and Impulsives' abilities in 
evaluating selected and generated objects, events and hypotheses. 
Thus this investigation indicates that Reflectives and Impulsives 
perform about as well on tasks demanding the evaluation of these 
particular skills. In terms of Siegelman's (1969) study these results 
are unexpected, since that investigation indicated that Reflectives 
used more efficient evaluation skills than Impulsives when solving 
MFF Tasks. No evidence supporting this finding was found in the 
present investigation. It is possible that differences in these 
evaluation skills between Reflectives and Impulsives only became 
apparent in instances where fine evaluations are demanded (as in the 
case of the MFF Tasks). In situations where considerably less 
subtle evaluations are required (as in the case of the Evaluation of 
Selection and of Generation Tasks in which choices have to be made 
between two given alternatives only) Reflectives' and Impulsives' 
abilities to evaluate appear equal. It is also possible that differ- 
ences in evaluation skills are manifested between Reflectives and 
Impulsives only in instances where evaluation demands are made 
exclusively within visual environments. In the case of Siegelman's 
(1969) study, for example, students were required to evaluate 
visually-depicted phenomena in terms of visually perceived similar- 
ities and differences in form. References to non-visual evaluation 
criteria were not demanded during completion of MFF tasks. In the 
case of Evaluation of Objects and Events Tasks used in the present 
investigation, evaluation demands were not solely within the visual 


Field. While students were again required to evaluate visual 
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phenomena, evaluation procedures required relating these phenomena 

to a depicted problem situation that could be considered somewhat 
remote from the immediately perceived visual field, since total under- 
standing of the problem situation was not possible merely from visual 
analysis alone. Thus it may be argued that evaluation tasks that 
require students to evaluate visually perceived phenomena, in terms 
of a problem not totally understood by visual processes alone, are 
demanding more Boonies effort than in evaluation tasks of the MFF 
type. In the case of tasks involving the evaluation of hypotheses, 
the above comments may also be appropriate. Because hypothesis 
evaluation criteria entailed more than mere visual considerations, 
tasks used in this study demanded more cognitive effort on the part 
of students than did MFF tasks. These differences in task demands 
may explain, in part, why differences in ability to evaluate hypothe- 
ses were not obtained between reflective and impulsive groups in 

this study. As in the case of the discussion relating to visual 
Search «skills,,.a.great.dealof further research) is needed to-deter— 
mine whether or not ability to evaluate observations and hypotheses 
is dependent upon particular evaluation requirements entailed. 

In discussion relating to Hypotheses One to Twelve diffi- 
culties were encountered in interpreting the performances of 
Reflectives and Impulsives on tasks involved in this study. These 
difficulties arose in large part from the lack of research findings 
in existence pertaining to the particular skills investigated. 
Research studies that have investigated the general question of 


Problem-skill transferability are also few in number. This paucity 
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of available material can be explained by the fact that problem- 
solving skills have only recently become objects of research. The 
recent interest shown in these skills stems directly from the elevated 
position they now enjoy in several of the newer science programs 

(e.g. in SAPA, SCIS and ESS). 

Gagné (AAAS, 1965) (see p. 7) claims that problem-solving 
skills, including those of observation and hypothesizing, manifest 
high inter-task generality. Some results obtained from the present 
investigation fail to support this proposition. For example, low, 
non-significant correlations were obtained between the two measures 
assessing ability in selecting objects, the Object Selection Task 
and the Tannenbaum Observation Test, and between the two measures 
assessing ability in selecting hypotheses, the Hypothesis ee ieeei on 
Task and the Pearson Hypothesis Selection Test. These results 
indicate that abilities to select objects and hypotheses within the 
content area and presentation mode pertaining to the film-loop 'The 
Knife,' are essentially unrelated to abilities to select objects 
and hypotheses in different content areas using different presenta- 
tion modes (e.g. those associated with the Tannenbaum Observation 
Test and with the Pearson Hypothesis Selection Test). Results of 
factor analysis performed in this investigation further question 
Gagné's claim that observation and hypothesizing skills exhibit high 
inter-task generality. Neither the two object selection measures, nor 
the two hypothesis selection measures, loaded heavily on common 
factors, thereby indicating a low degree of commonality between 


respective measures. Reference has already been made to the marked 
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differences in content areas, presentation modes and response require- 
ments of these measures (see p. 170 and p. 171). It is probable that 
the more tasks resemble one another, in terms of these factors, the 
greater the likelihood that performance abilities on each will be 
Similar. Evidence supporting this proposition (as well as supporting 
the transferability claim of Gagné) is supplied by results obtained 
from the Pearson Hypothesis Formulation Test and the Pearson Hypothe- 
Sis Selection Test. While response requirements differ between these 
two measures, both the content and presentation modes involved are 
identical. It is evident therefore that these measures resemble one 
another more closely than do either the Object Selection Task and 
Tannenbaum Observation Test, nee the Hypothesis Selection Task and 
Pearson Hypothesis Selection Test. In contrast to the low non- 
Significant correlations manifested between these measures, the cor- 
relation obtained between the two Pearson Tests was moderately high 
in magnitude «(r= 0.55, significant at, the, 0.0] level). .Resultssof 
factor analysis performed, also indicated a high degree of commonality 
existing between these measures. Both loaded heavily on Factor III 
(see Table XLIII, p. 147). Another set of correlations between tasks 
offers further support for the two propositions noted above. A moder- 
ately high correlation of 0.47 (significant at the 0.01 level) was 
obtained between the two measures assessing ability in generating 
observations, the Object Generation Task and Event Generation Task. 
Results of factor analysis performed indicated a high degree of 


commonality between these Tasks and both loaded heavily on Factor I 


(see Table XLIII,.p. +147). 


Lie 


B. Research Hypotheses Thirteen to Eighteen 


These hypotheses relate to ability of reflective and impulsive 
groups to ask questions according to the format prescribed by Suchman 
(1962). Table LIV summarizes the decisions the investigator made 
concerning whether or not to reject these hypotheses.. As can be 
seen from this table, Hypotheses 13 and 14 did not find significant 
differences between reflective and impulsive groups in terms of total 
number of questions asked, and in terms of the quantities of the 
twelve distinct Suchman-type questions asked. It appears that 
reflective and impulsive groups ask a similar quantity of questions 
of specific type. Studies by Ault (1973) and Denney (1973) (see 
p. 37) revealed that Reflectives asked predominantly 'constraint- 
seeking’ questions during problem-solving. These questions indicate 
evidence of attempts to analyse properties of the pictures provided. 
Impulsives, on the other hand, ask predominantly 'hypothesis-seeking' 
questions indicative of consideration of these pictures as wholes, 
rather than as combinations of parts. The present study did not 
support these findings. In this investigation the six Suchman question 
types (Types 1-6), that typify analytic strategies attempting to 
identify objects, events and general conditions present in the problem 
Situation, We asked with about equal frequency by both reflective 
and impulsive groups. In addition the six question types (types 7-12), 
that typify less analytic, more global strategies in attempting to 
discern relationships between variables entailed, were also asked 
with about the same frequency by both groups. According to Suchman 


(1962) the relative frequencies of question types employed reveals 
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TABLE LIV 


SUMMARY OF DECISIONS MADE CONCERNING HYPOTHESES THIRTEEN TO EIGHTEEN 
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Decision 


Hypothesis Tenable Reject 
a ee 


There is no significant difference in 

the total number of Suchman type iy 
questions asked, between reflective 

and impulsive groups. 


There is no significant difference in 

the distribution of specific Suchman + 
question types asked between reflective 

and impulsive groups. 


With respect to subjects asking one 

Suchman type question only, there is 

no significant difference in the a 
number of questions of Verification 

and Implication type asked between 

reflective and impulsive groups. 


With respect to subjects asking two 
Suchman type questions, there is no 
Significant difference in the number 
of questions of Verification and 
Implication type pertaining to the 
first and second questions asked, 
between reflective and impulsive 
groups. 


With respect to subjects asking three 

Suchman type questions, there is no 

significant difference in the number 

of questions of Verification and + 
Implication type pertaining to the 

first, second and third questions asked, 

between reflective and impulsive groups. 


With respect to subjects asking four 

Suchman type questions, there is no 

significant difference in the number 

of questions of Verification and ve 
Implication type pertaining to the 

first, second, third and fourth 

questions asked, between reflective 


and impulsive groups. 
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the strategies and goals of the problem-solver. Based on this 
assumption it would appear from the present investigation that 
Reflectives and Impulsives adopt similar strategies and goals towards 
problem-solving. It should be noted however, that Suchman's inter- 
pretation of problem-solving strategy, in terms of manifested 
question type, is open to query. It is conceivable that the pre- 
dominant presence of one particular question form does not, as 
Suchman contends, necessarily indicate inability or unwillingness 

to ask questions of a different type. Problem-solvers, for example 
who ask questions of a global character may have previously analyzed 
the problem-situation (without public sign of this) and now are 
engaged in seeking to relate, and to generalize from such analyses 
made. Thus while Suchman's format, as used in the present investi- 
gation, did indicate similar externally manifested strategies on the 
part of reflective and impulsive groups, caution must be adopted in 
accepting these findings as indicative of similar general problem- 
solving strategies between these groups. 

Table LIV indicates that significant differences were not 
found in the number of Verification and Implication questions asked 
by reflective and impulsive groups, when these questions were the 
Best: eeeoud: third and fourth to be asked. Although, as the number 
of questions asked increased from one to four, the number of Verifica- 
tion types employed increased and the number of Implication types 
decreased, these changes were manifested by both reflective and 
Thus it appears that students who ask several 


impulsive groups. 


questions, adopt (according to Suchman's claim) essentially analytic 
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strategies, whereas those asking fewer questions tend to adopt both 
analytic and global strategies to problem-solving. The need to ask 
several analytic type questions May arise from the fact that each 
analytic question results in the supply of one specific bit of 
information only. It is possible that fewer global questions are 
asked since they result in the supply of a considerably larger amount 
of information by the relating of several factors within the problem 


sequence entailed. 


C. Associated Questions 

Three associated questions were investigated. The first 
question asked whether or not correlations among all Selection, 
Generation and Evaluation Tasks were of similar magnitudes for 
reflective and impulsive groups. Correlations between the two groups 
were compared by means of a Fisher's Z transformation. The following 
comparisons were significant at p<0.05: Pearson Hypothesis Selection 
Test and Evaluation of Selected Objects Task, Pearson Hypothesis 
Selection Tage tana Event Generation Task, Evaluation of Selected 
Hypotheses Task and Event Generation Task, and finally, Evaluation 
of Selected Hypotheses Task and Evaluation of Generated Events Task. 
As mentioned in Chapter IV, it is possible that the significant 
differences between groups on these variables are artifacts, since 


all other correlation comparisons investigated (N = 101) were non- 


significant. The existence of otherwise remarkable similar correla- 
Pione between variables obtained by reflective and impulsive groups; 


illuminates what the research hypotheses have shown; namely that 


both groups perform as well on almost all tasks employed in this 
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investigation. 

The second question asked whether common factors existed among 
Selection, Generation and Evaluation Task scores. To answer this 
question, scores from all tasks were subjected to factor analysis. 
The resultant correlation matrix was rotated according to Varimax 
criteria. Six factors were identified with Eigenvalues greater than 
unity. If Gagné's proposition that problem-solving skills manifest 
high inter-task generality is correct, one would expect that measures 
assessing ability in similar skills would load heavily on common 
factors. Support for Gagné's proposition however, was not provided 
in the case of the two selection of hypotheses measures, the Hypoth- 
esis Selection Task and the Pearson Hypothesis Selection Test, nor 
was it provided in the case of the two selection of objects measures, 
the Tannenbaum Observation Test and the Object Selection Task. As 
mentioned earlier, the degree of transferability between measures 
assessing similar problem-solving abilities, is probably dependent 
upon content area, presentation mode and response requirement factors. 
More research is needed in this important and scantily-investigated 
area. In every instance the six Evaluation Tasks loaded heavily with 
respective Selection and Generation Tasks on common factors. These 
results oad first suggest that Reflectives' and Impulsives' ability 
to evaluate Selections and Generations made, is highly related to 
their ability in respective Selection and Generation Tasks. However 
the heavy loadings obtained may be spurious since the high correla- 
tions existing between all Evaluation Tasks and respective Selection 


and Generation Tasks have previously been questioned, for reasons 
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earlier noted (see p. 57). Thus considerable Caution must be exer- 
cised in interpreting these findings. 

The third question asked whether significant differences 
existed between reflective and impulsive groups with respect to factor 
scores derived from the six common factors. In no instance was a 
significant difference in factor score obtained between groups. 
However, in the case of Factor III scores (defined by the Pearson 
Hypothesis Selection and Pearson Hypothesis Formulation Tests) the 
differences between adjusted means was significant at the 0.08 level. 
As noted earlier in Chapter IV, unadjusted reflective means on both 
Pearson Tests were significantly higher than those of impulsives 
(see Table VI, p. 89). In the case of the Pearson Hypothesis Test 
the difference remained at a significant level when adjusted means 
were compared. In the opinion of the investigator these results do 
indicate a trend in favour of superior performance of Reflectives 


over Impulsives on these types of hypothesizing measures. 
IMPLICATIONS FOR TEACHING 


1. As noted in Chapter II, the accumulation of evidence 
indicating the general desirability of a reflective disposition over 
an impulsive one stimulated several attempts to modify impulsive 


behaviour. In the present investigation the impulsive group performed 


about as well as the reflective group on all Selection, Generation 
and Evaluation tasks (except on the two Pearson Hypothesis Tests). 
In addition, the impulsive group performed as well as the reflective 


group on the Science Knowledge test (see Table VI, p. SO) es | re 
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appears from these findings that the modification of impulsive 
behaviour would fail to benefit performance on tasks of a similar 
nature to those involved in this investigation. The present study 
does not, therefore, support attempts to modify impulsive (or reflec- 
tive) behaviour in science situations similar to those investigated. 
Current calls for the general modification of impulsive behaviour 
appear highly premature. The setting up of problem situations in 
which selection and generation of objects, events and hypotheses is 
demanded, and the subsequent requirement that these selections and 
generations be evaluated (according to criteria similar to those 
used in this study) would appear to benefit the reflective and 
impulsive child equally. 

2. In this investigation, Reflectives' unadjusted Pearson 
Hypothesis Formulation and Pearson Hypothesis Selection means were 
significantly higher than those of Impulsives (p = 0.01, p = 0.03 
respectively). When adjusted means were compared, Reflectives' per- 
formance remained significantly superior to that of Impulsives', on 
the Pearson Hypothesis Formulation Test (p = 0.04), but did not 
remain at a significant level in the case of the Pearson Hypothesis 
Selection Test (p = 0.16). These results suggest that Reflectives 
perform better than Impulsives on tasks that demand selection and 
generation of hypotheses in predominantly visual environments. 
Several investigators (see p. 26) claim that hypothesizing is a 


highly complex skill demanding the utilization of both logical and 


non-logical (creative) processes. Tf. it is accepted i that tic lPearson 


Hypothesizing Tests in turn demand some degree of creative effort, 
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then results obtained on the two Tests suggest that Reflectives may 
perform better than Impulsives on creativity tasks and exercises that 
are primarily visual in orientation. Liberal provision of opportunity 
for Impulsives to utilize such creative episodes May serve to reduce 
any performance differences between reflective and impulsive groups. 

3. Reflectives and Impulsives ask similar Suchman types of 
question during problem-solving episodes. According to Suchman 
(1962) this would indicate that the problem-solving strategies and 
goals of these students are similar. Since both groups accordingly 
appear to adopt equally effective problem-solving strategies, a need 
for modifying question-asking strategies of one particular group does 
not appear to exist. Calls for production of specific question types, 
for example, would be unlikely to influence question-asking strate- 
gies of one group, more than of the other. Thus the Suchman Question- 
asking format seems of limited use for purposes of investigating 
behaviours of reflective and impulsive students. 

4. Gagné's proposition (AAAS, 1965) that problem-solving 
skills exhibit inter-task generality was only partially supported in 
the present investigation. It appears that the closer tasks 
measuring similar skills resemble one another (in terms of content 
area, presentation mode and response requirement) the greater is the 
likelihood of a high degree of inter-task generality being manifested. 
With the exception of the two Pearson Tests, essentially no relation- 
ship existed between Selection and Generation Tasks. It appears that 
abilities to observe and to hypothesize using these particular response 


formats are unrelated. No attempt should be made to generalize between 
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selected and generated forms of observation and hypothesizing tasks. 
Low, non-significant correlations generally exist between Selection 
of Objects, Events and Hypotheses, and between Generation of Objects, 
Events and Hypotheses. Only in the case of the Generation of Objects 
and Generation of Events Tasks were substantial correlations obtained 
(xr = 0.47, p = 0.01). These results indicate that, with the excep- 
tion of abilities te generate objects and events, abilities in each 
of the other skills are essentially unrelated. Thus knowledge of 
ability in one particular skill provides no information useful in 


predicting ability in another. 
RECOMMENDATIONS FOR FURTHER RESEARCH 


During the course of this study it became apparent to the 
investigator that a number of areas related to the study warranted 
further investigation. 

1. In this study all students were classified as being of a 
reflective or impulsive disposition, or of neither a marked reflec- 
tive nor impulsive disposition. No attempt was made to classify 
students in terms of 'moderate' or 'extreme' reflective and impulsive 
disposition. If differences exist between reflective and impulsive 
students in ability to select and generate observations and hypothe- 
ses, and in ability to evaluate selections and generations made, then 
comparison of performances of students of extreme reflective and 
impulsive disposition may serve to accentuate those Aull eLenCess 

2. This investigation was limited to the grade six level. 


Use of tasks similar to those employed in this study with students 
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from other grade levels would enable a more complete picture of 
reflective and impulsive behaviour to be built. Investigation of 
performance of Reflectives and Impulsives at the lower elementary 
grade levels appears a particularly attractive proposition, since 
extremes in impulsive behaviours are more frequently met, with young 
children, than with old (Kagan and Kogan, 1970). It is probable that 
aifferences in performance between Reflectives and Impulsives are 
Poreatcst at these reves. 

3. Impulsives perform as well as Reflectives on all observa- 
tion tasks involved in the study. Since quite coarse visual search 
skills were sufficient to discern between variants incorporated in 
these tasks, little or no opportunity was provided for exercising 
finer search skills. Use of more powerful observation tasks that. 
require finer discriminations to be made between variants for 
successful completion, would serve to indicate whether differences 
in using more subtle vi'sual® search ski is\occur) betweenwxvef lective 
and impulsive groups. 

4. Results from this study indicate that Reflectives perform 
superiorly to Impulsivées on the Pearson Hypothesis Tests. If, as 
Martin (1971) claims, hypothesizing ability is dependent in part upon 
creative dp BPC yt then Reflectives (as noted earlier) may perform 
superiorly to Impulsives on tasks exploiting creative potential. 

The measurement of Reflectives' and Impulsives' abilities on pub- 
lished ‘creativity tests (particularly those that are highly visual 
in form) would indicate whether or not postulated performance 


differences between groups do indeed exist. In addition information 
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gathered may provide further insight into the general question of 
hypothesizing/creative ability overlap. 

5- As noted earlier in Chapter V (see p. 170) Reflectives 
performed as well as Impulsives on all Evaluation tasks. These tasks 
required students to evaluate selected and generated objects, events 
and hypotheses in terms of the extent to which each plays a role in 
effecting the depicted problem. The use of other tasks, which 
require Reflectives and Impulsives to evaluate generated and selected 
responses according to criteria different to those used in the pre- 
sent investigation, should provide further insight into the general 
issue of evaluation of selected and generated responses. Effective 
operation of evaluation tasks used in this investigation required 
the allocation of previously selected and generated responses to one 
of two provided evaluation categories. Although trichotomous 
evaluation keys were shown inappropriate for use at the grade six 
level (see p. 56) their use with older children would make possible 
more subtle response evaluations. These modifications, in turn, 
might serve to accentuate any differences existing in evaluation 
abilities of Reflectives and Impulsives. 

6. Results of this investigation indicate that abilities in 
selecting, an generating objects, events and hypotheses, depend in 
large part, upon the particular content area and presentation mode 
employed. Assessment of abilities in similar selection and generation 
skills, using different science content domes and different 
odalities, would provide further information concerning 


presentation m 


the extent to which these factors influence ability in these skills. 
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The following statements are 
about OBJECTS seen in the film 
and about OBJECTS not seen in 
the film. Some statements are 
completely TRUE in every way. 
Others are not TRUE in every 
way. Mark off as I read ONLY 
those statements that are true 


in every way. 


Shadow of the man 
2 Piece of tubing 


3 Knife handle made of 
two halves-—one half 
fixed to one side of 
the blade, the other 
fixed to the other 
side. 


4 White coloured flame 


as DO ee i i Be Bt Re 
5 Man with a moustache 
oe me 
6 Red shiny cloth 
folded over once 
} 


7 shiny Kouite-bplade 
8 When in an upright | 
position the height 

of the knife blade 

was less than the 


On the left below some of the 
objects you imarked as present 
played important parts in making 
the blade bend upwards. Others 
did not. Below we have two 
columns labelled NO EFFECT and 
SOME EFFECT. For each object you 
marked PRESENT decide whether it 
had NO EFFECT or SOME EFFECT in 
making the blade bend upwards. 
Put a mark in each correct space. 


Do not change answers on the left. 


SOME EFFECT 


NO EFFECT 


height of the liquid 
in the container | | 
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For each event you marked down as 
The following statements are present decide whether it had NO 
about EVENTS seen in the film EFFECT or SOME EFFECT in making 
and about EVENTS not seen in the blade bend upwards. Put your 
the film. Some statements are marks in the correct spaces. 


COMPLETELY true in every way. 
Others are not true in every 
way. Mark off as I read ONLY 
those statements that are true 


in every way. 


MARK 
HERE | 


SOME EFFECT 


NO EFFECT 


1 The blade was heated 
on 3 separate times 


2 The blade was wiped 
on 2 separate times 


3 When removed from the 
liquid the blade 
continued to 
straighten a little 


4 Only one side of the 
blade was ever 
heated 


5 The blade straightened 
out on 2 separate 
times only 


6 The man always used 
his right hand to 
lift the knife 


| 
| 
| 


7 The man always held 
the cloth using his 
left hand 


8 On one occasion the 
man turned over the 
knife blade 
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In the film the straight knife 
Read 


carefully each of the statements 


blade bent downwards. 


below and mark each one that you 
think gives a REASON why the 


blade bent down. Each REASON 


should tell us ONE OR MORE OF 
THE THINGS that probably were 
happening to make the blade 


bend downwards. 


The blade bent downwards 


probably because: 


1 When the blade was 
heated the top side 
increased in length 
more than the 
bottom side 


2 The handle of the 
blade was made of 
Material different 
from, that .of the 
blade itself 


3 The blade melted a 
little 


4 Heat softened the 
blade and then 
gravity pulled the 
biade down 


5 When heated one side 
of the blade shortened 
in length more than 
the other side 


6 One of the sides of 
the blade shortened 
in length more than 
the other side 
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Each statement you marked onthe left 
below you thought gave a REASON why 


the blade bent downwards. For each 
reason decide whether it gives an 
A-type or a B-type REASON. An A-type 
REASON tells us about only ONE of 

the things that probably was happening 
to make the blade bend. 


REASON tells us at least two things 


A B-type 


that were probably happening to make 
the blade bend. For each statement 
you marked present on the left 


decide whether it is an A-type or 


| B-type REASON. 


B-type REASON 
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In the film the knife blade bent 
upwards. Read the following 
statements carefully and mark 
off any statement that you 
think gives a REASON why the 
blade bent upwards. Each reason 
should tell us about at least 
ONE of the things that was 
probably happening to make the 


blade bend upwards. 


The blade bent upwards 


probably because: 


1 Only the bottom side 
of the blade was 
heated 


2 Heat softened the 
blade 


3 The blade was very 
long 


42gust before 2t bent 
upwards the blade 
had been turned over 


5 The bottom side of 
the knife increased 
in length more than 
the top side 


6 When heated both 
sides of the blade 
changed in length 
by the same amount 
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Each statement to the left you 
thought gave a REASON why the blade 
bent upwards. For each statement 
you marked decide whether it is an 
A-type REASON or a B-type REASON. 


An A-type REASON tells us about only 


| ONE of the things that probably was 


happening while a B-type REASON tells 
us at least two things that were 
probably happening to make the blade 


bend upwards. 


A-type REASON B-type REASON 
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Soon after bending downwards the 
blade straightened out. After 
bending upwards the blade also 
straightened out. Mark off 
any statements below that you 
think give a REASON why the 
blade probably straightened 


phen 


The blade straightened out 
probably because: | MARK 
HERE 


1 The blade weakened 
and then gravity 
pulled the blade 
straight 


2 The length of the 
blade remained the 
same 


3 The cool liquid kept 
the length of the 
blade the same 


4 One side of the 
blade shortened 
in length more than 
the other side 


ou 


Each statement you marked to the 
left you thought gave a REASON 
why the blade straightened out. 
For each reason you had marked 
of decide whether it is an A-type 


IGOSISNSIN Cl El I—icVfOS MOSSCM. 


A-type REASON 
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B-type REASON 
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In the space below write down every 
OBJECT no matter how small that you 
remember seeing in the film. An 
object is something that you can 
remember seeing in the film. A 
good object is KNIFE HANDLE because 
this is an object that we saw in the 
film. If we wrote down THE MAN 

HELD THE KNIFE HANDLE it is true 
that the man did hold the handle 
but that statement would be an EVENT 
or something that happened and is 
not an object. Write down only 
OBJECTS. One object has been 
written in for you. Use a new line 


for each object that you think of. 


KNIFE HANDLE 


Some of the objects you wrote 
down on the left played an 
important part in making the 
blade bend upwards. Other 
objects did not play important 
parts. Down below there are 
two columns labelled NO EFFECT 
or SOME EFFECT in making the 
blade bend upwards. KNIFE 


HANDLE had no effect in making 


for each object. Do not change 


answers on the left. 


NO EFFECT SOME EFFECT 
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In the spaces below write down all 
the different EVENTS that you can 
remember seeing in the film. An 
event is something you saw 
happening. A good event would be 
THE MAN HELD THE KNIFE HANDLE 
because this was an event that 
happened in the film. If we 
wrote down KNIFE HANDLE this is 
an OBJECT and is NOT an EVENT. 
Write down only events. One 
event has already been written in 
for you. Use a new line for each 


event you think of. 


THE MAN HELD THE KNIFE HANDLE 
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For each event you wrote down on 


the left decide whether it had 


EFFECT column. Put a mark in 
the correct spaces for each 
event. DO NOT change answers 


on the left. 


NO: EFFECT SOME EFFECT 
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In this part of the film the straight 
knife blade bent downwards. In the 
spaces below write down as many 
different REASONS that you can think 
of that might explain why the blade 
bent downwards. Each reason should 
tell us about AT LEAST ONE of the 
things that was probably happening 
to make the blade bend downwards. 


One reason has been written in for 


you. 


The knife blade bent downwards 


probably because: 


THE BLADE WAS HEATED 
7 


2 


REASON or a B-type REASON. 

A-type REASON tells us only 
about ONE of the things that 
probably was happening to make 
the blade bend down. A B-type 


REASON tells us at least TWO 


A-type REASON B-type REASON 
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NAME For each REASON you gave as to 
In this part of the film the knife why the blade bent upwards 

blade bent upwards. In the spaces decide whether it is an A-type 
below write down as many different REASON or a B-type REASON. 

weasens, as youscan:thinkof, that Remember an A-type REASON tells 
might explain why the blade bent us only one of the things that 
upwards. Each REASON should tell was probably happening, whereas 


us about at least ONE of the things a B-type REASON tells us TWO 
that probably was happening to make Or more things that were probably 
the blade bend upwards. One reason happening to make the blade 


has been written in for you. bend upwards. Put a mark in 


The knife blade bent upwards reason. 


probably because: 
A-type REASON B-type REASON 


THE BLADE WAS HEATED 


i W 


DATA SHEET FOR THE HYPOTHESIS GENERATION SUBTASK 2 AND 
ASSOCIATED EVALUATION OF GENERATED 
HYPOTHESES SUBTASK 2 
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Soon after bending downwards the 
knife blade straightened out. 
Soon after bending upwards the 
blade also straightened out. 

In the spaces below write down 
as many REASONS as you can think 
of that might explain why the 
blade straightened out. Each 
REASON should tell us about at 
least ONE of the things that 
probably happened to make the 
blade straighten out. 


The blade straightened out 


probably because: 
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For each reason you gave as to 
why the blade straightened out 
decide whether it is an A-type 
REASON or a B-type REASON. Put 


a mark in the correct space. 


A-type REASON B-type REASON 


DATA SHEET FOR THE HYPOTHESIS GENERATION SUBTASK 3 AND 
ASSOCIATED EVALUATION OF GENERATED 
HYPOTHESES SUBTASK 3 
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APPENDIX G 


ITEM DIFFICULTY INDEX (p) VALUES AND ITEM DISCRIMINATION 
INDEX (D) VALUES ON GUIDED-DISCOVERY TASKS 
AND GUIDED-DISCOVERY EVALUATION 
TASKS (FINAL EDITION) 


209 


w 
4 ; 
5 * 
‘ 
ey 
4 
F 
>. 
‘ 
Sie 
‘s 
2 
: 
: 
, 
=) 
: 
: 
ou pe 
; 
1 
2 y 
At 
\ 
‘ 
i 


' pio : 
nary YK 
j 7 v y 
a. 
; AF f 
ys fi 
tj i iba 
" Wy, ni vy 
ie ’ 4 Ma eh 
a ae ei 
. fl of ah ¥ 
i yee 
; i 
ke Ke | 
- “ . - ’ 
f 
Bh a4 iy 
i 
. 
i 
i 
iat 
" yy 
a i 
: i ' 
. { 
es ,. 


*, 
Ti 


ee - 
ve 
see ra 
os 
ay i 
ae 
1 le 1 
ed 
m 
i ‘ a 
4 
( 
’ ‘ 
‘ i 
vor ‘ 
\ 
f i 1 
; 7 
; - 
* - ry ") 
‘sé ' 
: foip arg? a 
wy 
; wae gi ‘ ' rif ‘ ya 
¢ f pa! ree L “| 
F 4 iy yr f 
oY ‘ be 
<he, yirg Ai \ 
7 as yy 1 


a4 


Ly 


Th 
Tall 


a CH 


o 


i me: _ 


fo 


1 


Fie asia a ing cy 
i a: 


ar & tray 


YY pings 


210 


Pp AND D VALUES ON GUIDED-DISCOVERY TASKS (FINAL EDITION) 
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p AND D VALUES ON GUIDED-DISCOVERY EVALUATION TASKS 
(FINAL EDITION) 


Guided-Discovery Evaluation Task Item p value 
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APPENDIX H 


DATA SHEET FOR THE PEARSON HYPOTHESIS 
FORMULATION TEST 
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On the sheet you see little pictures just like the large drawing I 
have here on the board. Each picture is exactly the same as another. 
In each picture you can see a ball at the top and a ball at the 
bottom. In a minute I want you to draw in as many routes as you can 
think of, for getting the ball from the top position here to the 
bottom eeeteion here. Remember you can only move the ball one channel 
to the right or left at any of the gaps, or three channels to the 
right or left at any of the gaps. If you make a mistake just put a 


mark through the picture and go on to the next picture. Are there 


any questions? You may begin. 


DATA SHEET FOR THE PEARSON HYPOTHESIS FORMULATION TEST 
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APPENDIX J 


DATA SHEET FOR THE PEARSON HYPOTHESIS 
SELECTION TEST 


214 


fd in i 7 
it oN 
i 
i 
: 
ny 1 
‘ Ni A 
} f 
ty 
y va 
one * . \ , y oa a a “ 
: i: ; 4 er fe bi bP seed f 
re j , ' é aks ki 7 
> 4 a an Le \ my 
J { s rn ‘ P = 
a x - “ SUES, & 
; 2h ; 
* oe = f F 
> a . ¥ fs - vet 
7 Py 
i By orc 
« ww 
> an ae 
oe b we A “ Ree } ‘ 
4 onache Ais 3 . Py m " * 
ie » i moet - 
* H Sve a , 
- etre i - 
Fi ae th Weak 
¢ y a } if Ng, 
4 ey t ‘ 
a na * 
Vv Me i y 
= ay Y i ras f z 
* ae. ea * ef 
’ 1 Mee > “ 
& + M . 
co § ry 
‘ ‘ £ ny : ‘ 7 
‘ te: Fe teh ‘1 rim t 
s " aise ’ etd el! © 
: A 7 . 
oy » sh ee ¥ _ = a “3 pe ma & 
i 
i : 
noe Bt det es yin yey te ght Se ith 
- ¥) Pa ts 
ee 4 oo Oh ak a4 : » + e 
i ee) et ¥ ‘ Ne 
- : 
x | By, my, * , re 
: . 
‘ mille He ers 1? as 
‘ * - xi rive ‘ ¢ I 
1 > Baan hat beni « \ 
‘ ty iM A 
7 at 
“ag EY ae : 3 
. ~ 
ro f , 
” } ‘ 
: vie ce et: 
ry ; eG * 7 ey : i ¥F i pi 
“ ib ke i " i . ‘ : a ¥ r 
i ‘ Om fate: 
pur We, F “ Mie; vi il 
4 } i 7 
Sneed ide hy Soe di pe My 
' WY I h : ae 
x ‘ » ; > if ; Ph : 
. wnt i ; 
- 4, J 
; ey a : . a . 
} 1 . 
sf ~ ay 4 : os ey + 
' 4 ee | ae y i a ‘3a AK . 
, a i * 4 vee y Rte 
, : ee je i Fig me) 
de a Ash TS. ici 
i Ny) 
yin y hy) 
Ate A an ) 
| ee Nhe ‘ 


si 


Pak Ns 


pad 
WIEET EPP ty py 
ay btu 


WEL 


3 


Mifta 
| WATT 


Aue 


ata 


une 


(172, of Natural Size) 


On the sheet you can see lots of little pictures showing a ball at the 
top and a ball at the bottom. This time in each picture routes have 
been drawn in, for getting the ball from the top position to the 
bottom position. Some of the routes drawn in are CORRECT—they get 
the ball from top to bottom moving only one channel to the right or 

to the left at a gap, or three channels to the right or left. Other 
routes are Scheer = once don't get the ball correctly from top to 
bottom. Sometimes they move the ball two or four channels to the 
right or left at a gap. Put a mark against each picture you think 

- gives a correct way for getting the ball from top to bottom. Are 


there any questions? You may begin. 


DATA SHEET FOR THE PEARSON HYPOTHESIS SELECTION TEST 
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APPENDIX K 


DATA SHEET FOR THE PRACTICE QUESTION-ASKING TEST 
PERTAINING TO THE FILM-LOOP ‘BOILING COFFEE' 
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In the film, we saw that soon after the coffee boiled, the man drank 
the coffee. Maybe you are not sure how anyone can drink coffee so 
easily after it has boiled. To understand better how the man was able 
to do this so easily, you probably need to find out more about some 
of the things you saw happening in the film. You can do this by 
writing questions to me about anything you saw in the film. There is 
just one important thing you must remember when you write each 
question. I must be able to answer each question with either a YES 
or a NO. Here are some examples of good questions that I can answer 
With a YES or a NO: 

"Had the coffee really boiled?' 

"Did the man really drink the coffee?' 
These questions are good because I can answer them with a YES or a 
NO. Here is an example of a poor question because I cannot answer it 
with a) YES or a NO: 

"What was the thing placed over the coffee?' 
In the space below write down as many YES-NO questions as you wish 
about anything in the film that might help you understand how the man 


was able to drink the coffee after it had just boiled. 


DATA SHEET FOR THE PRACTICE QUESTION-ASKING TEST 
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DATA SHEET FOR THE MAIN QUESTION-ASKING TEST 
PERTAINING TO THE FILM-LOOP 'THE KNIFE' 
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NAME 


In the second part of the film the knife blade bent upwards. Maybe 
you are not quite sure why this happened. To understand better why 
the blade bent upwards you maybe need to find out more about some of 
the things you saw happening in the film. You can do this by writing 
YES-NO questions to me about anything you saw in the film. Make sure 
I can answer each of your questions with a YES or a NO. Two examples 


of YES-NO questions have already been written in. 


WAS THE KNIFE BLADE MADE OF STEEL? 


WOULD THE BLADE HAVE BENT IF NO HEAT HAD BEEN USED? 


1 


DATA SHEET FOR THE MAIN QUESTION-ASKING TEST 


} y 4 i ub 
i : ; aay , 
. t nial . : 
} i : 
i 
Wii 
rt ia 
f it < ’ i 
; Dp re Pa 
rh i : 
ve i : 
Wy i) i! 
iL toe 
r 
i mo ] 
- 
. aT yy i 
o * 
ti . , 
i y i" ¢ is 
5 
i q , \ “ 
PAY gh ae bee t ‘ ; i 
ay pe 
hey Bott mar ee ies 5 m,! 
4 R hah dh i j 
ies 
f i 
: “ 
{ ) bs {iis ; 
i 


by 
cr 
ywWwed t he 
. 
7 i ben, 
a 
; e 
4 cr \ 
=) ; 1 
| r 
<< re antl nae woe it lhe altel neta er igen) seni eaten hat bless 


Ce Be Vo ts \  ¢3eek a OMe moat re 
ean awe vemos ae — aS in a yee a ss enna “eevee ne oo 


ils 1 aD. TH ej evan Swrane al ar? 


€) 


re Pa ae Lae i : 
vi inp tah a yo Ben! wlan ' 
ly . — 
. 
i 
me ean oon mde a mn mbes. 
a 
f 
as ¢ ihe le Diab wt a it tg le tats Se Cammy 8 AL ye et i 


; is Meaney Fat ui ae 
aa tie Rae eat a’ i 
TN ea ae Abe ere 4. 


9 omalahhrypinds- eee latiene itm dal hae thai eidade Lele ~shaiconarey tinted ticity 
f er : r 


r| Le Ye ule PT aero) ee. ee Ye 
<4 eens = i) Yeltsin dl lil pen me em aA 
i ie 7 7 i : 
, ik 14 
j 
t a | 
Tey ener Sane + 

Ae Us Ee 

: 


Be 


Q 4 7 
ne 


andy 


APPENDIX M 


EXAMPLES OF SUCHMAN QUESTION-TYPES PERTAINING 
TO THE FILM-LOOP 'THE KNIFE‘ 
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EXAMPLES OF SUCHMAN QUESTION-TYPES PERTAINING 
TO THE FILM-LOOP ‘THE KNIFE' 


Categorical verification: nominal: 'Was that blade a knife?’ 
Categorical verification: normative: 'Was that an ordinary knife?' 
Analytical verification: condition-descriptive: 'Was.the blade hot 


when it was bent?! 

Analytical verification: condition-comparative: 'Was the blade 
longer after it was heated than before?! 

Analytical verification: structural-component: ‘Was the blade half 


one metal and half another?! 


Analytical verification; properties ‘check: ‘Can the burner melt ivone* 
Abstract-conceptual: diffuse: 'Did the liquid have anything to do 


with the blade bending?' 

Abstract-conceptual: directed: 'Did the liquid reduce the temperature 
of the blade?' 

Concrete-inferential: elimination: 'If the liquid was not used at all 
would the blade still straighten out?' 

Concrete-inferential: substitution: ‘If the blade was held at an 
angle in the liquid instead of in an upright position, would 
the blade still straighten out?' 

Concrete-inferential: addition: ‘If you put oil on the blade would it 
still bend upwards?' 

Concrete-conceptual: 'Was it necessary to wipe the blade in order to 


make it bend upwards?' 
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